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FOREWORD 
It has been my aim to compile a cour~e in Science for a class 
of Juniors, Seniors and Post-graduates in a typical Senior High School. 
The course is based on Biology, Physiology, and Psychology. Each 
science is to be devoted equal time. The majority of these students 
will-never~ continue ~ in academic science; a small minority will con-
tinue their learning in college or other advanced institutions. To 
the former group I hope to give a basic foundation in each of these 
three sciences, and instill in them a love and understanding of the 
scientific world so that their every-day experiences_will be mingled 
with love and appreciation of their surroundings. To the latter, I 
hope to create a desire to continue on, to know more and to follow 
science as one of their leading experiences in the coming years. I 
hope to start them on the road to true scientific thinking and observa-
tion. 
r 
BIOLOGY 
The postulates and conclusions upon which this course is 
formulated imply certain major objectives or aims: 
1. To train pupils in the right living 
2. To arouse interest in Biology and biological principles 
5. To create a love and understanding of plants and animals 
4. To give information of such biological principles most 
obviously related to human welfare 
5. To have pupils become acquainted with living things, their 
characteristics, habitats and activities 
-.1 
6. To acquire, through the solution of real problems, under-
standing of, and practice in, those study skills and elements 
of scientific thinking which are significant in the field of 
science to the end that such skills and elements will func-
tion in their every-day life 
1. To instill respect for life and the desire to protect and 
conserve life 
8. Belief in cause and effect relationships in life functions. 
·BIOLOGY1 
Biology is the science of living things. The word "Biology" comes 
from two Greek words: bio, meaning life and logos, meaning discourse or 
study. In its broadest sense biology embraces all human knowledge re-
garding plants and animals. It is commonly divided into two distinct 
branches: Botany, from Greek meaning plants and Zoology, from Greek 
meaning animals. 
Usually one can differentiate between living and non-living things 
by looking at them, but if one were asked to tell the essential differences 
between the two, he would probably have difficulty. The chief differences 
between living and non-living things are ·as follows: 
a. 
b. 
c. 
d. 
e. 
f. 
g. 
h. 
i. 
j. 
Living Things 
.sensation (power of feeling) 
motion (power to. move) 
respiration (process of taking 
in oxygen and giving off 
products formed by oxida-
tion in the body) 
digestion (changing foods into a 
form that ··can be used in 
the body) 
assimilation (using the food for 
the bodily processes and 
.functions) 
circulation {the movement of the 
blood in the body) 
excretion (getting rid of waste 
products) 
reproduction (production by plants 
or animals of other or-
ganisms similar to them-
selves) 
definite shape and form 
adaptation {adjustment to the en-
vironment) 
Non-living Things 
a. no sensation 
b. no motion unless caused 
by outside stimulus 
c. no oxidation 
d. no digestion 
e. no assimilation 
f. no circulation 
g. no excretion 
h. no reproduction 
i. no definite shape and 
form 
j. no adaptation 
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As we look around we realize the power that man has for adaptation. 
His power surpasses all plants .and ' other animals. In the north he builds 
his house of snow; in the south his house is of bark. He has made fire 
his servant and lower forms of animals his slaves. Certain animals and 
plants are not adapted to their environment because of (a) lack of suitable 
food (b) failure to adapt their lives to the peculiarities of the climate 
(c) too many enemies, and (d) inability to raise their young. 1 
Animals have adapted themselves to their surroundings to a great ex-
tent, but not so great as man. The tongue of the honey bee is adapted 
to probe in and reach the nectar from certain flowers like apple blossoms, 
sweet clover and white clover. Hawks, owls and eagles have the upper 
jaws curved over and hooked for tearing their food. Snakes that live in 
trees are sometimes the color of the bark or leaves of trees. The croco-
dile has a fold of skin which shuts off the mouth from the throat and 
prevents water from entering its throat while the crocodile is drowning 
its prey. These show a few of the many adaptations found in the animal 
world. 
Plants also have the power of adaptation which enables them to live 
and thrive in all parts of the world. The cactus of the desert needs 
but little moistUre, while the water lily has broad leaves which act as 
life preservers. The great trunk of the elm as well as the short stem 
of the dandelion--all have their special adaptations. 
(Outside reports to be given on special plants and animals 
which are examples of adaptations; also examples of plants 
and animals which are becoming extinct because of lack of 
adaptation to be discussed.) 
1. An Introduction ~ Human Biology, Smallwood, Reveley, & Bailey, p. 266 
~ 
All living things are made up of parts which perform certain func-
tiona to carry on the work of the plant or animal. 
known as organs and they make up the organisms. 
These parts are 
Materials which have no organs to carry on life--substances other 
than plants and animals-are known as inorganic matter. Examples of 
inorganic matter are water, iron, soda, etc. 
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Matter is made up of very small particles called molecules. These 
are so small they can't be seen even by the most powerful microscopes. 
Molecules may be broken down into atoms and recently by utilizing power-
ful charges of electricity, scientists have bean able to split these atoms • 
.Matter mar ~ ·exist in three states: solid, liquid and gaseous. Solids 
have a constant form and volume. When placed in a container they do not 
adjust their molecules to the sh~pe and size of the container. An example 
of a solid is a block of wood. Liquids have no fixed form. Their mole-
cules are close together as in the case of a solid and when placed in a 
container, they adjust themselves to the $hape of the container. Ex-
amples of liquids are water, milk and gasoline. A gas has its molecules 
far apart and when placed in a container, they fail to take the precise 
shape of the container. Therefore, gases have no definite shape and form. 
Examples of gases are coal gas, air, and chlorine gas which was used in 
the World War. 
Changes by which there is a change in the composition of matter is 
a chemical change. (Demonstration experiment: mix together two parts 
of sulphur to one part of iron-bum.) Other examples of chemical change 
are burning of paper, lighting a match; shooting firecrackers, etc. 
Changes in which there is not a change in composition of matter is 
-v 
known as a physical change-freezing of ice, dissolving salt in water, 
etc. (Demonstration experiment: mix. two parts of sulphur with one part 
of iron. Place a magnet near the mixture and separate the iron). 
It has been proved by experiment that matter may be changed in 
form and experience, but the amount of matter remains the same, or mat-
ter can be transformed but neither created nor destroyed (Law of Conserva-
tion of Matter). 
All matter is made up of simple substances which are known as ele-
ments. Elements can not be broken into simpler parts without changing 
their identit,y. Thusfar there have been ninety-two elements discovered. 
Examples of these elements are sulphur, zinc, aluminum, etc. When these 
elements combine they form compounds, therefore these compounds can be 
broken down into elements. Examples of compounds are sugar, salt, milk, etc. 
In science, substances are classed as elements or compounds. The 
elements are then subdivided into two classes--metals and non-metals. 
Most metals are solid and are able to eonduct electricity. The non-metals 
do not have these characteristics. The compounds are also divided into 
various classes. There are three important classes of compounds: acids, 
bases and salts. Acids have a sour taste. Bases have many properties 
which are opposite to acids. When an acid and a base are brought together, 
in just the right amounts, no base or acid remains, but a salt will be 
in their place. 
Elements 
IY1etal Non-metal 
1 Substances 
Compounds 
Acid 
Salt 
1. Problems in Oeneral Science, Hunter & whitman 
Base 
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There is a possibility of sticking two substances together with-
out chemical action taking place. The product is called a mixture--au-
gar and flour; salt and water, etc. We usually use the term "substance" 
when we are referringto any mat~rial regardless of its composition. 
Therefore an element, a compound, a mixture can all be referred to as 
substance. 
The chiefwork of the plant is food making. This process is known 
as photosynthesis, or the production of starch from water, sunlight and 
carbon dioxide. This takes place by the action of chlorophyll (Greek: 
chloro--green, and phyllon-- leaf) which gives the plants their green color. 
. 1 
The leaf may be compared to a factory as follows: 
The factory--Green leaves (or other gr.een tissue) 
The workroom-The cells of palisade and spongy layer 
The machines~Chlorophyll grains 
The power --Sunlight 
Materials --Carbon dioxide and soil water 
Supply deptr-Root hairs, ducts, air spaces 
Trans. " --The vessels of the plant 
Finished 
product --Sugar, starch, protein, tissue 
Waste " --Oxygen 
Hours of wk.-Manufacturing daylight. 
An experiment to show the presence of starch in leaves may be performed 
by boiling a green leaf in water to swell the starch. Soak in denatured 
alcohol over night. Rinse and place in an iodine solution. Leave for 
ten to fifteen minutes. Rinse and notethe blue color--the test for starch. 
1. Biolo_gy ill Beginners, Truman J. Moon 
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The principal foods manufactured by the plants are carbohydrates, 
proteins, fats, oils, minerals, and vitamins. 
The carbohydrates are either sugarsor starches. These are manu-
· factured by the plant and utilized in it. Sugars are produced first 
and if an excess of sugar is produced, it is changed into starch and 
stored in the leaf until needed; then it is converted back into sugar 
or stored for future use as in the potato and kernel of the sweet corn. 
(Demonstration experiment: boil a small amount of cornstarch in water; 
add a few drops of iodine. The blue color indicates the presence of 
starch). 
Carbohydrates are eaten by animals to produce heat and energy. 
Some of the carbohydrates are converted into fats and stored as such. 
Some common carbohydrates are: corn starch from corn, potato starch 
from potato, flour starch from wheat, tapioca starch from cassava root, 
cane sugar from sugar cane and beet sugar from sugar beet (saccharose), 
grape sugar from fruits (glucose), milk sugar from milk (lactose) and 
1 
cellulose from wood, paper, cotton, linen. 
(Demonstration experiment: add Fehling's solution to a solution 
of grape sugar; warm. The reddish precipitation indicates the presence 
of grape sugar). 
The proteins are found in all living parts of the plants. They are 
eaten by man to produce tissue. Some of the chief sources of protein 
are grains, lean meat, peas, beans, milk and cheese. If' the supply of 
carbohydrates is adequate, proteins may be produced in the plant at any 
time. (Demonstration experiment: add a small quantity of concentrated 
nitric acid to a crushed bean; heat. A pale yellow color appears; the 
color is changed to orange by adding a small amount of ammonium hydroxide~ 
1. Biolo~ !2i: Beginners, Truman J. Moon 
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Fats are probably made in plants from sugars and starches. Cotton 
seed oil, olive oil and corn oil are examples of vegetable fats. Fats 
are also produced in the cells of animals and are used for heating their 
bodies. Farm animals may be fattened without feeding them carbohydrates 
and other foods, even if they are fed no foods containing oil. (Demonstra-
tion experiment: place a few drops of oil on a paper; heat gently; the 
characteristic oil spots appear. This is a test for fats and oils). 
Another class of foods is mineral salts. Examples of these minerals 
are iodine, calcium, phosphorous, iron, etc. If the body does not receive 
enough iodine, the thyroid gland in the neck enlarges and forms a goitre. 
Iodine is found in drinking water and sea foods--oysters, clams, fish, 
etc. Iron is found in green leaves and lack of iron causes people to 
become anaemic. Sodium and chlorine are also necessary parts of living 
materials and are found in our common table salt. (Demonstration experi-
ment: burn some vegetable matter in a spoon. The material that remains 
will be the ash) • 
Recently scientists have proved the existence of a new class of 
food materials which are vital to life and good health.; · They are 
called vitamins. To distinguish the vitamins from each other, tbey are 
indicated by a letter such as Vitamin A, Vitamin B, .etc. 
The lack of Vitamin A in the diet results in decreased rate of 
growth, the drying up of the tear glands, and a general lowering of re-
sistance to disease. Th:is vitamin is found in butter fat, egg yolk and 
foods containing the yellow coloring known as carotin. 
The lack of Vitamin B results in the stoppage of growth. The 
richest source of Vitamin B is probably yeast, although it is found in 
other foods. In grains it is chiefly found in the outer coats. Lack of 
this vitamin also causes intense pains in the legs and arms, result-
ing in a disease known as beri-beri. 
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The lack of Vitamin C causes scurvy which destroys the tiny blood 
vessels of the body. This disease may be prevented or cured by such 
foods as orange and tomato juice, celery, carrots and lettuce. 
Vitamin D is necessary to secure the proper growth o.f the bones 
and teeth. Lack of it produces rickets in which the hardening of the 
bones is interfered with. Vitamin D is most abundant in cod-liver oil. 
Recently it has been proved that Vitamin D can be produced by the action 
of sunlight on the skin. 
Vitamin E, found in the oil from wheat, apparently affects repro-
duction. Experiments have shown that animals produce a fewer number of 
young if this vitamin is withdrawn from their diet. 
Vitamin G is found in grains and lack of it produces pellagra. 
Protoplasm (Greek, proto meaning first, and plasma meaning the 
thing formed) is the living part of all plant and animal tissue. When 
foods are digested by either the plant or the animal, the living sub-
stance formed is protoplasm. It is transparent and ·colorless, made up 
of water, carbohydrates, proteins, fats and other substances. It is 
from 75% to 95% water. All the chemical elements necessary for growth 
are found in the protoplasm. 
moisture and other stimuli. 
It is sensitive to light, air, heat, 
It has the power of motion and takes in 
foods, besides reproducing itself and casting off waste materials. 
The protoplasm is divided into many small parts known as cells, 
each one having an outer portion known as the cell wall which is 
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thickened protoplasm. Within the cell wall is found a mass known as 
cytoplasm. This contains a sac-~ike body, the nucleus. The nucleus 
usually contains one or more separate bodies called nucleoli. These 
cells are very small. There are probably several hundred million in 
the body. (Demonstration experiment: peel off the thin outside layers 
of plant stems like onions, Wandering Jew, or lily; place them in water 
under a compound microscope). 
These tiny cells are united into tissue which enables a plant or 
animal to do similar work. A tissue is usually defined as a group of 
similar cells that do a similar work. These tissues are united into 
skin, arms, stomach, liver, lungs, leaves, branches, roots, flowers, etc. 
Therefore, an organ is a group of tissues that do a given work in the 
plant or animal. 
We all realize that the ga~ carbon dioxid~passes through the skin 
of the plant into the internal part, there to be changed into sugars and 
starches. This process is known as diffusion. Gases in the atmosphere 
diffuse into one another very readily. In photosynthesis the plant gives 
off oxygen and takes in carbon dioxide. In respiration and breathing 
the reverse process takes place. (Demonstration experiment: place a 
lump of sugar in a tumbler and pour water upon it. Keep the water quiet 
and the sugar will sweeten the entire water). 
When sugar is placed in a membrane through which diffusion may take 
place and put in water, the two will mingle. The water will pass through 
the membrane . into the sugar and the sugar will pass into the water. This 
process is known as osmosis. It may be defined as the passing of a li-
quid or a gas through a membrane. By this process of osmosis water con-
taining food material passes through cell walls and enters the living parts 
of plants and animals. (Demonstration experiment: puncture the shell 
of a hen's egg on the flat end; remove about half an inch. Do not 
puncture the membrane. Now place the egg upright in a: glass or beaker 
of water. Soon the membrane will begin to bulge. This indicates that 
water is passing through the membrane of the egg). 
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{Explanation of above demonstration: the membrane of the egg is 
under tension. If the egg were pricked, the substance would spurt out 
because of the inside pressure. This is due to what is known as turgor. 
Plants wilt or wither because of lack of .turgor or turgescence. This 
turgor may be replaced by giving the plant a fresh supply of water). 
Linnaeus~ known as the father of natural history, divided the 
animal kingdom into classes, orders, families, genera and species. His 
classification is based on structural resemblances. All animals 
such as crawfishes, insects and spiders are placed in the phylum, Arth-
ropoda. They resemble one another in that their bodies are segmented, 
and are protected by an exo-skeleton which is hard. The Arthropoda are 
divided into classes. The class to which insects belong is called In-
secta. Insecta have the body divided into three parts and they have 
three pairs of legs. The classes are divided into orders. Insects with 
narrow, straight forewings, biting mouth parts and incomplete metamorpho-
sis belong to the order Orthoptera. The orders are made up of families. 
The family to which the grasshopper with the antennae much shorter than 
the body belongs is known as the family Acrididae. A family is composed 
.of Genera (singular, genus). A genus is made up of species and species 
are made up of varieties. The following table shows an example of classi-
fication of the common red-legged grasshopper which may be found in our 
fields: 
Kingdom - Animal 
Phylum -- Arthropoda 
Class -- Insecta 
Order -- Orthoptera 
Family -- Acrididae 
Genus -~ Melanoplus 
Species -- Femur-rubrum. 
In our discussion we shall begin the study of the simplest animals first 
and study them in the order of their phyla. 
The first and simplest forEof -animals are the Proto.:>a (first ani-
mal) • . They are very numerous and widely distributed, consisting of but 
one cell. Small as they are, they are very important in nature, form-
ing food for higher animals, acting as scavengers, causing disease, and 
even forming layers of the earth by the depositing of their shells--as 
. 
in the case of the chalk forming kinds. 
One of the simplest of these forms is the Amoeba which lives in 
the slime and mud at the bottom of most streams and ponds. They are 
barely visible to the naked eye but when studied under the mocroscope, 
they are seen to consist of an irregular mass of jelly-like protoplasm 
without even a cell wall. The amoeba has no nerves and sense organs 
but it will curl up when touched with acid, or move quickly when in a 
path of light or ·heat. The animal moves by irregular streaming o:f its 
protoplasm. It pushes out projections which are called pseudopodia. 
By this method there is a gradual motion. 
The amoeba needs oxygen to breathe. The oxygen passes from the 
water into the protoplasm of the amoeba. It gives off carbon dioxide. 
This is known as respiration or release of energy. 
-15 
The amoeba procures food by surrounding the food with its proto-
plasm. · As soon as the food is surrounded, the amoeba closes tightly and 
the place where the food enters is closed. 
The amoeba bas no organs of digestion, but the protoplasm secretes 
an enzyme or enzymes which digest the food. As the amoeba move~its 
protoplasm is moved. Because of this, the amoeba needs no organs of 
circulation as higher animals require. 
The carbon dioxide formed in the amoeba is gradually forced out by 
the contractile vacuole. In this way the waste products are gradually 
eliminated from its body. 
As the amoeba absorbs food, it increases in size, and soon a fissure 
appears which divides it into halves. Both the nucleus and the proto-
plasm divide. When this occurs there are formed two amoebae. This pro-
cess of reproduction is known as fission. (Demonstration experiment: 
obtain some leaves from the bottom of a stagnant pool. Place them in a 
jar of water and allow them to stand for several days, out of the direct 
sunlight. A scum will form on the water. Remove a drop of scum from 
the water and place it under a microscope. Place a small drop of food 
on the slide. Notice the behavior of the amoeba when it comes in contact 
with the food) • 
Another simple one-celled animal and a member of the protozoa phylum 
is the paramecium. The body of the paramecium is slipper-shaped. The 
body is covered with minute hair-like projections called cilia, by means 
of which the animal propels itself through the water. The animal has a 
gullet through which the food passes. The cell is composed of proto-
plasm, nucleus, and two contractile vacuoles situated in definite places 
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at the two ends of the cell. The paramecium reproduces by fission and 
conjugation. Fission takes place as in the amoeba. Usually after a 
number of divisions, conjugation occurs as follows: two paramecia unite 
by joining the region near the mouth cavity and their cell walls be-
come thi~ at this point. Division t akes place in each nucleus~ Parts 
of each nucleus have the power of locomotion and partsremain stationary. 
The new movable nuclei exchange places and unite with the two stationary 
nuclei. After this exchange, the two paramecia separate. Now the vitali-· 
t,y of each has been increased and fission again goes on. 
The paramecium make an important contribution to our food supply. 
In rivers, lakes, oceans, etc., there are many small animals which eat 
these one-celled animals. They in turn are eaten by fish and other aqua-
tic animals. We derive some of our food from the fish. (Demonstrati on 
experiment: place a small quantity of d~ied grass, hay, or vegetation 
taken from around a pond in a tumbler of warm water. Let it stand for 
ten days. Then examine some water under the microscope. These small 
protozoans can be seen). 
All animals consisting of more than one cell are known as metazoa 
("animals further along"). All plants and animals start in the one-celled 
state. As these one-celled animals take in food, they increase in size 
and soon they are forced to divide because their bulk would be too large 
in proportion to the amount of surface exposed. These animals would soon 
die because of lack of food. Suppose that these cells when divided did 
not separate, but remained together in a mass. Division would continue. 
This . is actually what takes place. Pandorina is an example of this 
stage of development. If this mass continues to enlarge, the outside 
cells will necessarily be used for locomotion, sensation and food get-
ting while the inside cells will be occupied with digestion and reproduc-
tion. As division goes on a limit must be reached. To cope with this 
condition, the next higher forms consist of hollow spheres, thus giving 
an inner and outer surface. The volvox is a representative of this con-
dition. In the next higher form, one side folds in (as pushing one side 
of a rubber ball in) forming a cup-shaped figure. Now we have a form 
with three layers and from this come all the higher forms. The outer 
layer develops into the skin and nervous system. The middle layer de-
velops into the muscles, cartilage, tendons, bone, blood and blood ves-
sels. The inner layer develops into the linings of the digestive tract, 
the liver, pancreas, and the respiratory system including pharynx, 
bronchial tubes and lungs. 
Sponges are many-celled animals found in shallow water in the 
Mediterranean Sea, Red Sea, around the Bahama Islands, West Indies, and 
the western coast of Florida. They reproduce by eggs and budding. In 
the process of budding, a new part grows out from the old. This new 
growth breaks off and finally attaches itself to some stick, rock or 
other means of support. As the water flows through the sponge, by the 
way of small openings (inhalent pores) which lead into narrow passages 
connecting with . the digestive cavity (cloaca), microscopic plants-and 
animals stick in the pores which are propelled to the cloaca by means of 
flagella. Here they are digested by the sponges, the waste being elimi-
nat ed by a large opening at the end of the cloaca known as the osculum. 
The sponges which we use are merely the skeleton of the living sponge. 
(Demonstration experiment: examine a bath sponge and a simple sponge and 
explain how the two differ). 
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The coelenterata phylum consists of the hydra, coral polyps, sea 
anemone, and jelly fish. This level of animals has cells, grouped to-
gether in true tissue to perform its duties. These animals are radially 
symmetrical which means that they are made up of equal divisions radiat-
ing from a common center. They are all aquatic animals. We shall use 
the hydra as a representative of this class. (Demonstration experiment: 
gather green plants from fresh water ponds and place them in an aquarium. 
The hydra may be studied as it is clinging to the sides of the jars). 
The hydra is a cylindrical sac-like animal with a mouth at one end 
surrounded by hollow tentacles or feelers. The foot of the hydra is 
covered with a sticky substance which clings to rocks. The hydra can not 
swim, but glides. The tentacles are covered with fine stinging thread, 
and when a small animal comes within its reach, it strikes out with these 
stingers and paralyzes the animal. The food is then carried to its mouth 
by means of the tentacles. The mouth leads to a digestive cavity, into 
which the food passes. 
ted through the mouth. 
The parts of foods which are undigested are elimina-
The hydra reproduces by budding and also by eggs 
as in the case of the sponge. As eggs are formed near the base of the 
body, they are set free and fertilized by the sperm cells which are set 
free from near the tentacles where they are produced. Gradually the new 
hydra appears from the union of the egg and sperm. 
If the hydra loses a tentacle, a new one is grown. Such a power or 
process is known as regeneration and is characteristic of many forms of 
simple animals. 
Corals are also another example of coelenterata. Their life habits 
are similar to the hydra. They may be found in little pools between the 
rocks on ocean shores. Coral is used for jewelry which are skeletons of 
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the living corals. Some of these skeletons such ·as the rose-pink 
coral of the Mediterranean are worth several hundred dollars an ounce. 
The Platyhelminthes, or flatworms, are the next phylum. They are 
more highly developed or specialized than the coelenterata. These worms 
have flattened bodies and are found in water or in most earth; they 
may also be found in animals or plants. 
The tapeworm is a representative of this phylum. This w~rm lives 
first within the body of pigs or cattle, the egg being eaten with the 
animal's food. It grows in the intestine, bores its way into the muscle, 
and goes into a resting stage. If the meat is eaten partially cooked, 
the worm again develops in man, sometimes growing until it is thirty 
feet in length. The segments of the . tapeworm break off. In these 
segments are both ovaries and spermaries. As they break off, they are 
discarded from the parent in the waste material of the body. These 
segments are eaten by the pig or cow and the life history continues. 
This worm is a parasite because it lives in the living body of another 
individual and derives its nourishment from it. 
Another example of the platyhelminthes is the liver fluke which 
lives in the liver of the sheep and sometimes attacks cattle. Part 
of its life history is spent in the snail. One liver fluke can produce 
as many as five hundred thousand eggs. The eggs must fall in a moist 
spot. Here they hatch into small larvae covered with cilia. If these 
larvae fail to find a snBa, they perish but those succeeding in finding 
a snail bore into it where they develop into small heart-shaped bodies 
with long, flexible tails. They then leave the host and form a pro~ction 
around their bodies, that is they becom.e encysted. Within the cyst they 
develop and become more like the adult. These cysts are eaten by the 
sheep. In the stomach they are dissolved by the digestive fluids and 
are set free to bore into the liver. 
When we think of the great number of eggs and larvae produced, it 
becomes apparent that millions of sheep are infected yearly and des-
troyed by them. 
Round worm~, or Nemathelminthes, are so called because of their 
bodily shape. Examples of this phylum are the vinegar eels, hookworms, 
trichinae, hairworms, etc. These worms have cylindrical bodies and are 
threadlike in size, living sometimes as parasites in animals and at 
other times in water or moist soil. We shall study the hookworm and 
trichina as examples of this class. It has been estimated that proba-
bly two million people in the southern part of the United States suf-
1 fer from this disease. Probably it was brought here by the negro 
slaves from Africa. The hookworm attacks the feet of people walking 
barefooted. Here the laryae bore thro~gh the. tissue .into the blood 
stream, are carried to the heart, thence to the lungs, break through 
the lung tissue into the air passages and thence to the mouth, ·then 
swallowed and carried to the intestines, feeding on blood, lowering the 
efficiency of the individual. The females lay eggs--these eggs are 
discarded with the waste material of the body. The larvae hatch in a 
few days and feed on filth, waste material and other discarded material, 
waiting for an opportunity to attack the feet of some new host. The 
victim is liable to tuberculosis, typhoid fever, and other diseases 
because of the injury done to the body. 
• 
1. Biology for Beginners, Truman J. Moore, p. 177 
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The trichinae(pork worm) pass their first stage in a pig, dog, cat, 
rat, or horse where they bore into the muscle, surround themselves with 
a cyst, or coating, and become inactive although they are alive. Some-
times they remain in this stage for years. If the flesh of the pig, 
for example, is eaten by man, the cysts are dissolved by t he digestive 
juices, the young will then bore through the walls of the intestines 
1 
and into the muscular tissue. Sometimes death is caused by these small 
worms. If the pork is infected with these worms, it is known as measly 
pork. There is no danger of our becoming infected with these minute 
organisms if we eat only well-cooked meat. (Demonstration experiment: 
with a microscope examine mother of vinegar for vinegar eels. Mother of 
vinegar may be obtained from the bottom of a jug containing vinegar). 
Trochelminthes are more highly developed than any forms of organisms 
studied -thus far because they have a fully developed digestive system, 
a nervous system, sense organs and a reproductive system. These animals 
are microscopic in size having round heads provided with cilia, which 
appear to form rapidly revolving wheels. Their heads assist them in 
motion as they move about in search of food. Their food is aptured by 
means of the cilia. Some of these small animals have a short tail with 
two spines at the end of it. These small microscopic animals reproduce 
from eggs. Some of these eggs reproduce without fertilization. Such a 
process is known as parthenogenesis. Sometimes these rotifers appear 
dead during long periods of severe cold or drought but they revive again 
when supplied with heat or moisture. This is known as resuscitation. 
Under stones in the :yard we may discover many of these rotifers, or they 
1. Biology for Beginners, Trumon J. Moon, p. 177 
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may be found in the Arctic Regions where they remain frozen the greater 
part of the year, but when the warm days come, they once more resume 
their normal activities. 
In the Echinoderma group, we find many members covered with spines. 
From this fact is derived their name. Some examples of this group are 
starfish, sea urchin and sea cucumbers. Their bodies are divided into 
five parts and these animals are found in all parts of the world. 
The starfish are so called because the arms are prolonged like a 
five-rayed star. The starfish have sucker-like disks called tube feet. 
These feet cling to various objects and in this manner, th~ are able to 
move along slantlOg rocks on the ocean shore. They extend these feet 
out and pull themselves along. Sometimes the starfish lose an arm, but 
they have the power to grow a new part. This process is known as re-
generation. Some years ago fishermen realized that these animals were 
destroyers of oyster beds, so when th~ caught the starfish in their nets, 
they would cut them up and throw their parts into the water. Much to 
their surprise, they discovered that the starfish were multiplying in 
numbers. Upon investigation it was found that each part would grow an 
entirely new body. The sea urchin is another representative of this phylum. 
They vary in shape, some are round, some are flat, while others are 
only slightly flattened. These small marine animals move in a manner 
similar to the starfish, that is by means of tube feet. They are covered 
with spines which act as a protection. The sea cucumbers are not covered 
with spines, but have a soft body wall; neither do they have tube feet. 
They are the shape of a cucumber from which they derive their name. One 
variety of the sea cucumber, known as the trepang, is edible and in 
special demand in China for making soup. Some of the various species of 
the sea cucumber have the power of secreting a substance which is dis-
charged as a mass of threads in which enemies are entangles and madebelp-
less. 
The Annelida phylum has as its representatives the sandworms, 
leeches, earthworms, etc. These worms have a body which is a tube within 
a tube. The inner tube forms the digestive tract while the outer tube 
is the body wall. The internal and external tubes are divided into seg-
ments Rnown as somites. 
The earthworm may be found in nearly all parts of the globe where 
vegetation is present. It burrows into the soil, swallowing the soil as 
it burrows and separating the edible material from the soil. Sometimes 
the earthworm will burrow several feet during periods of extreme drought 
while in wet periods it is found o~ the surface of the earth. On the 
outside of its body, the earthworm has stiff bristles known as setae. 
These setae assist them in their movements. The earthworm has an anterior 
end, a posterior end, a dorsal side and a ventral side. A short distance 
from the anterior end is a thickened ring or girdle, the eli tellum, which 
secretes the capsules into which the eggs are laid. The body wall has 
both longitudinal and circular muscles. The anterior end is extended by 
the contraction of the circular muscles and the posterior end is drawn 
forward by the contraction of the longitudinal ones. The earthworm takes 
its food into its mouth, thence tohis crop through the pharynx where it 
is stored temporarily; from the crop it passes into the gizzard where it 
is ground into smaller pieces and it then passes into the intestine. The 
cells lining the intestines manufacture a,digestive fluid which is 
poured into the intestines. · These cells also absorb the dissolved food. 
The earthworm has blood vessels filled with blood into which the digested 
food passes from the cells that line the intestine. The walls of these 
blood vessels contain muscles which drive the blood by alternately con-
tracting and relaxing. The food is thus. distributed to all parts of the 
body. The food not used by the body is passed out by means of the ~-
nephridia• These appear as tiny white threads. They open into the 
body cavity by a funnel-shaped .aperture lined with cilia. The cilia 
carry liquids from the body cavity into the tubes; waste products are 
carried to the outside by minute openings of the tubes situated near the 
lower line of setae. Although the earthworm has special organs of di-
gestioh, it has no special organs of respiration. The oxygen needed by 
fue earthworm is absorbe4 through the skin and the waste product of respira-
tion or carbon dioxide is excreted through he skin. It has a very simple 
brain in the upper part of the head. Nerves extend out from the brain 
to all parts of the body. The earthworm has no eyes, but it is sensitive 
' to light, to touch and to strong odors placed near it. When the fisher-
man hunts for "night crawlers" he has to be very careful when stepping 
lest the worms feel the vibration of the earth and the ray from his 
flashlight. The earthworms are constantly at work. They make the soil 
porous for water to enter and take in many kinds of vegetable matter. They 
are beneficial to the farmer and are food for many birds. (Demonstration 
experiment: fill a box with rich soil, kept moist. Put a number of 
earthworms on the soil and feed them small pieces of meat and vegetable 
matter. Study a worm on a plate covered with moist paper and observe its 
movements and reactions to warm sugar solutions, very weak, and other sub-
stances,placed near thehead end of the worm.) 
The Mollusca, or soft animals, possess no true skeleton but have 
soft bodies usually surrounded by a shell. Under the shell usually is 
found a muscular foot. Examples of this phylum are clams, oysters, 
scallops, snails, etc. 
Clams are found buried in mud and sand, at the bottom of creeks 
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or rivers; also in the sand on ocean shores. Those found in rivers and 
creeks are known as fresh water clams. They are covered with a shell 
having two openings at the posterior end. The water flows through the 
lower. Here it passes over the soft thin gills which take oxygen from 
the water and give carbon dioxide and other wastes back to it. The 
water passes into a space just above the gills from which it goes back-
ward and out through the upper opening. The fresh water clam consumes 
only microscopic food particles. The food passes with the water through 
the lower opening and passes forward along the mantle until it comes 
in the range · of the waving organs known as palps, which propel it into 
the mouth. Fresh water clams are seldom used as food by man, but .are 
important because where clams are abundant many people find employment 
in what is known as pearl fisheries. Pearls are sometimes found in the 
clams. The shells are used in making buttons. After the parts of the 
shell used for buttons have been removed, the remaining parts are 
ground for poultry feed • . The fine dust remaining is applied to soil 
where lime is needed. Some of the ocean clams are used for food. They 
are dug out of the sands on ocean shores by clam diggers and sold to 
restaurants. 
Oysters are of great economic importance. The oyster industry is 
~ne of the leading sea-food industries. There are oyster fisheries in 
~rope, Asia, Africa, Australia, North America and South America. In 
the United States many oysters are obtained along the Atlantic Coast. 
Typhoid fever has resulted from eating oysters harvested from waters 
polluted with sewage. The sale of oysters that may be contaminated is 
now forbidden by state regulations. 
Snails differ in structure, some living on land and breathing by 
means of lungs, while others live in the water and have gills. The 
snail has a broad disc on which it creeps. It also has two "feelers". 
or tentacles known as horns. At the base of these tentacles or horns 
are found two dark spots. These are the eyes. The mouth of the snail 
is near the front of the foot. In some European countries, France and 
Austria particularly, snails are used for food. Snails do much harm 
because they carry destructive spores from plant to plant causing plant 
disease. 
Arthropoda is derived from two Greek words: arthron, meaning a 
joint, and pous, a foot. All the animals which have jointed or hinged 
appendages are placed in this phylum. The lobster, crab, barnacle, 
honey bee, centipede, grasshopper and spiders are members of this group. 
The crayfish is a common fresh-water Crustacean which is included 
under the arthropoda type. The crayfish's body is covered with a hard 
exo-skeleton. The body is divided into two general divisions: the 
head and the thorax fused into one, and the abdomen which consists of 
seven movable segments. The head has several pairs of appendages, the 
antennae, the antennules, the mandibles, and two pairs of maxillae. At-
tached to the thorax are three pairs of maxillipeds which aid in hold-
ing and chewing food, and a pair of large claws for defense and food get-
ting. There are also four pairs of appendages used mainly for walking. 
On the abdomen are five pairs of swimmerets. The sixth and seventh 
segments are united to form a powerful flipper used to propel.the ani-
mals backwards and forward in the water. All of the appendages are 
jointed. Internally the crayfish has a long straight alimentary canal. 
The heart is located on the dorsal surface and drives the blood into 
the various parts of the body. The nervous system consists of a chain 
or ganglia resting on the ventral surface of the animal. Respiration is 
accomplished by means of gills. The eggs which are fastened to the 
swimmerets of the female by a sort of glue are hatched in fmr to five 
weeks and remain on the mother until partly grown. The crayfish have 
the power of regeneration, as does the starfish. (Demonstration experi-
ment: place some fresh water crayfish in the aquarium. Notice how they 
eat, move, etc.) 
Now let us turn to the grasshopper and compare it with the crayfish. 
The body of the grasshopper consists of three parts: the head, thorax 
and abdomen. The body is divided into segments, as in the earthworm. 
The head has several pairs of appendages, each of which has several 
joints. The antennae are used as organs of touch and also contain organs 
of smell. The mandibles of the grasshopper can be moved from side to side 
and are used to cut the food and to chew it. Such a movement is very 
advantageous in cutting grass. The maxillae are used to guide and hold 
the food. On each side of the head is a large compound eye. The animal 
also possesses simple eyes arranged in a triangle on the front of the 
head. The thorax bears three pairs of legs and two pairs of wings. The 
abdomen consists of ten segments or somites, the first of which is much 
larger than the others. On either side of this somite there is a fairly 
large oval spot consisting of a tightly stretched skin across a small 
depression. This apparatus is connected by a nerve to the central ner-
vous system; it is the grasshopper's ear. It is able to respond to 
vibrations in the air, and thus serves as an organ of hearing. The di-
gestive system consists of a long tube, the alimentary canal, which 
runs through the body. The alimentary canal is divided in to several 
parts: the mouth, esophagus, crop, gizzard, stomach, and intestine. 
Respiration is accomplished by a system of air pipes, the tracheae. 
These tracheae are connected to air sacs, and are always open so that 
a constant circulation of air through the body is obtained. Excretion 
of carbon dioxide takes place through the tracheae. The nervous system 
consists of two large ganglia situated in the head. From this ganglia 
a series of nerve fibers are given off to all parts of the body. When 
the various muscles are stimulated by impulses they respond, causing 
movements of the body. We can readily see the comparison of the grass-
hopper and the crayfish. (Demonstration experiment: capture and chloro-
form some large grasshoppers. Dissect one to observe its parts). 
The lobster lives in salt water. Its habits and life history are 
similar to those of the crayfish. Lobsters are important as a food. 
The body of the spider is divided into three parts: the head, 
thorax, and abdomen. There are eight simple eyes on the front of the 
head, but there are no compound eyes and no antennae. _The mouth has two, 
mandibles. Each mandible ends in a sharp claw, at the tip of which a 
poison gland opens. Spiders may be divided into two groups: hunting 
spiders which run on the ground or on plants and spring upon their prey, 
and cob-web spiders which make webs to catch flying insects. · The spin-
ning organ of the spider is near the tip of the abdomen; the silk is 
spun from many small tubes at the ends of two or three pairs of finger-
like spinnerets. The silk comes from the tubes in the form of a fluid 
which immediately hardens when it comes in contact with the air. Spi-
ders destroy insects which are injurious to plants. They are also des-
troyers of house flies and other pests. 
Mites and ticks are pests. Ticks destroy house plants by sucking 
the juice out of them. They have eight legs but their mouth is in the 
form of a beak for sucking. Mites produce the disease known as mange 
which attacks dogs, horses and cattle. These mites and ticks also at-
tack human beings causing itch. 
Scorpions live in warm climates and feed on insects. There is a 
sting at the extremity of the abdomen. 
The Chordata phylum receives its name from animals having a longi-
tudinal rod-like structure called a notochord. It extends the length of 
the body. Members of this phylum include such familiar forms as fish, 
frogs, lizards, snakes, birds, cats, dogs, horses, and men. These ani-
mals have two eyes, two ears and two nasal openings. They have a defi-
nite anterior (front) and posterior (hind) region and a dorsal (back) 
and ventral (abdominal) differentiation of the body. The chordata are 
divided into two sub-phyla, namely the Prevertebrata and the Vertebrata. 
Examples of the prevertebrata are sea squirts • . We shall not spend our 
time on these, but on the vertebrata sub-phylum. The vertebrates may 
be divided into six classes (1) cyclostomata (2) pisces {3) amphibia 
(4) reptiles (5) aves (6) mammalia. We shall study these in order. 
The cyclostomata (round-mouth) class resemble eels. 
jaws or paired appendages. They have a head and gills. 
They have no 
Their skin is 
soft and very slimy. They possess eyes and internal ears. The skin is 
provided with sense organs. There is a heart, and there are veins, 
arteries, and capillaries. There is no direct stomach, but lampreys 
are found. These animals are not common. 
Some Pisces or fishes are very beautiful in color. We shall study 
the yellow perch as an example of this class. Its back is olive green; 
its sides are golden yellow with six or eight dark bands , and its lower 
fins are orange red. The eggs are laid in strings or bands which may 
reach a length of six or seven feet. The body is covered with overlap-
ping scales. There are two -pair of fins: the anterior (pectoral) and 
the posterior (ventral). The fins on the back are termed dorsal fins. 
The one on the tail is called the candal fin and is used f or locomotion. 
Between the external opening of the alimenta~ canal and the tail is 
the anal fin. There are two large round eyes without lids. The jaws 
have sharp tee~h for tearing the food. The yellow perch breathes by 
means of gills, eight in number--four on each side. The heart consists 
of two parts, one auricle and one ventricle. The auricle receives the 
blood from all parts of the body through two large veins , one from either 
side. From the auricle the blood passes into the ventricle, from the 
ventricle to the gills, and thence by way of the dorsal aorta to the 
various tissues of the body. The yellow perch lays eggs on rocks, weeds 
and at the bottom of streams where many are destroyed and many hatch. 
Fish are found in all parts of the world. Here thousands of people 
find employment in the fish industries. Besides being used as a food, 
they serve for many other purposes. The cod furnishes a supply of cod liver 
oil. Fish oil is used for tanning leather. Fish waste products are used 
for making glue, and isinglass is prepared from the air bladder of the 
sturgeon. 
In order to preserve and protect fish, the various states and 
countries have passed laws restricting the number and size of fish that 
may be taken·. 
Amphibia are so named because of their habitat. In Greek, amphi 
means both, and bios, life. The amphibians occupy a land home but 
spend most of their lives in water. Some of these animals breathe en-
tirely by means of gills, while others breathe by means of lungs. The 
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chief differences betwe.en fish and amphibia are: 
a. Gills present throughout life 
b. Swim bladder acts as a lung in 
a few types 
c. Paired appendages are fins 
d. Heart has two chambers 
e. USU:ally have scales or bony 
plates 
f. Nostrils do not open in the 
mouth except in Dipnoi 
Amphibia 
a. Gills may be lacking in 
adults 
b. Lungs present in many 
c. Paired appendages are legs 
d. Heart has three chambers 
e. Skin slimy 
f. Nasal passage from ex-
ternal nares to mouth ca-
vity. 
Frogs and toads are common forms of amphibians. Frogs lay their eggs 
in jelly-like masses in shallow water, in the spring. The toads lay 
their eggs in jelly-like strings. A frog can jump, swim, or walk. It 
can make powerful leaps by means of its long muscular thighs. In swim-
ming its forelegs are folded alongside its body and by strokes of its 
two hind legs wi.th its broad, webbed feet, it moves through the water 
1. ~ Science of Biology, George S. Scott, pp 244-245 
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rapidly. When it climbs upon something to rest, it walks or creeps. 
The development of the frog from birth to the adult stage is an 
example of metamorphosis. When the eggs are hatched, the tadpoles 
cling to weeds by means of suckers. External gills, eyes, and a mouth 
appear. Limbs develop and the tail is gradually absorbed. While these 
external changes are going on, internal changes also take place. The 
mouth increases in size and teeth appear. The intestines become shorter; 
the gills are replaced by lungs and the heart develops from a two-:-
chambered heart to one with three chambers. 
The mouth of the frog has on its floor a tongue which is connected 
at the front and is free behind. It is used to catch insects. Teeth 
are attached in a single row on the edge of the upper jaw and the roof 
of the mouth. The frog has a pharynx, a gullet and a stomach. There 
is present a two-lobed liver and two intestines, large and small, a gall 
bladder and a spleen. The lungs are used for breathing but the skin is 
an important organ of respiration. The heart has a right and left auri-
cle and a ventricle. The blood passes from the lungs by means of the 
pulmonary vein into the left aliricle. Blood from all parts of the body 
passes into the ventricle. By contraction of the ventricle, the blood 
is forced into all parts of the body. 
Frogs and toads are known as cold-blooded animals. The temperature . 
of their bodies varies with their surrounding environment. As the tem-
perature drops, these animals gradually slacken their bodily functions. 
They creep into the mud and hibernate during the winter, to revive the 
following spring. While they hibernate, they breathe through their skin. 
Frogs and toads are usually found along ponds or brooks. They escape in-
to the water when they see an enemy approaching. The frog is nearly 
the color of the bed of the brook or pond and therefore is protected 
from its enemies because they are not easily detected. The tree toad 
which is found in trees and clings to horizontal surfaces by means of 
discs on their feet, have the power of changing their color to harmonize 
with their surroundings. Frogs are used as food and are considered a 
delicacy while toads eat and kill many injurious insects. 
The Reptilia (Latin-repere, creep) are cold-blooded vertebrates, 
very much misunderstood. The reptiles include snakes, turtles, lizards 
and crocodiles. The points in which they differ from amphibians, follow: 
a. They never breathe by gills at any stage 
b. The body is covered with scales 
c. Feet, if present, are provided with claws 
d. They have no metamorphism 
e. Young may be born alive or the eggs are internally fertilized 
and have a shell. 
Turtles form an interesting and familiar group in which adaptation 
has been carried to such an extent that locomotion is not necessary for 
protection. The ribs are enormously widened and joined edge to edge. 
They are usually covered with horny plates, and the underparts are simi-
larly protected. They have a horny beak which takes the place of teeth 
and is just as efficient in catching animal prey or gathering vegetable 
food. Most turtles live on insects, larvae, tadpoles and fish. Some 
prefer water plants. Turtles produce eggs covered with a calcareous 
shell. The eggs are laid on sandy slopes in early spring and then are 
abandoned. The young develop in the eggs when the sand in which they 
are placed is warmed by the sun. , Soon after hatching, they find their 
way into the water. 
The turtles are used for making soups and steaks. The turtle shell 
is used for paper weights, ash tray5 and other articles. 
Snakes have no limbs and their eyes are lidless, but are covered 
• 
with a transparent skin. The bones of the skull and throat separate, so 
that a snake can swallow an animal much larger than its own body. The 
harmless snakes have a head covered with plates and gradually blending 
with the neck, while in the poisonous snakes, the head is triangular and 
covered with scales. Harmless snakes have many teeth on both jaws while 
poisonous snakes have few teeth, but are equipped with two or more fangs. 
The snake moves by muscles which are attached to the ribs and scales 
of the lower side of the body. The edges of the scales rest on the 
ground while the body is drawn or pushed rapidly forward. The harmless 
snakes are protected by their rapid power of locomotion and by their mar-
velous resemblance to their surroundings. The snakes eat rats, mice, 
and many insects which would destroy crops and seeds. 
Lizards are found in the tropics, a few inhabiting the United States. 
They vary in size from tiny ground lizards only a few inches long, to 
the tropical iguanas which are several feet in length, and are used for 
food. The chameleon is noted for its ability to change color to match 
its surroundings. The "horned toad" is provided with horns, but is not 
a toad, but a true lizard. It has a spiny skin which protects it. Their 
color resembles their surroundings, also, and they are difficult to see 
among the sand, rocks and the spiny cactus which form their environment. 
Alligators are common in southern United States • We have one 
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specie of crocodile in Florida, although most of them are Old World 
forms. The alligators have pro.jecting eyes and snout which enables 
them to float almost under the water. Crocodiles are larger than alli" 
gators sometimes reaching a length of fifteen to twenty feet. The 
skin is covered with horny, hard plates, which serve as a protection to 
the crocodiles • . Alligator skin is much prized for leather. Their 
eggs are used for food. Young alligators are sold for curios. 
The group of birds is one of the most familiar, useful and interest-
ing of all the animal kingdom. Birds are sharply distinguished from all 
other animals by the following points, among many others: 
a. Their body is covered with feathers 
b. Their forelimbs (arms) are developed as wings, solely for 
locomotion 
c. 'The mouth is provided with a horny, toothless beak 
d. The body is supported on two limbs only (like man) 
Birds :are found in nearly all parts of the world. The wings of different 
.birds show wide variations in their structure. Sailing birds, like the 
gulls, have long, slender wings, while ground birds, like the partridge 
and pheasant, have short wings capable of rapid, short flights. Legs 
·also show great variations according to the ne~ds of their owner. In 
the case of eagles, hawks and owls, the toes end in powerful claws for 
seizing and holding prey, while ducks and geese have long, webbed toes, 
adapted to swimming. Seed-eating birds have weak toes which serve mere-
ly for perching. Chimney swifts have feet adapted for clinging. The 
beaks of birds show great adaptation and variation. Hawks, owls and 
eagles have the upper jaw curved over and hooked for tearing their food. 
Herons have their bills modified into a long, pointed weapon; grosbeaks 
and finches have a short, stout beak for crushing seeds and other hard 
foods, while humming birds have a long, slender beak which is used in 
reaching the bottom of certain flowers. 
Feathers provide the means of flight and assist in easy locomo-
tion by giving the angular body a smooth outline. They keep the bird 
warm. The feathers of most birds are oiled by a secretion taken from 
a gland near the tail and spread by the beak, which makes them waterproof. 
The feathers also act as a protection from enemies because they harmonize 
with surroundings. Birds shed their feathers at least once a year. This 
process is known as moulting. The new feathers serve as an attraction 
to the opposite sex and therefore assist in mating. Birds live on in-
sects and seeds which make them very beneficial to the farmer. Birds 
build their nests in various places depending to a great extent on the 
specie& The barn swallow builds its nest under the eaves in the barn; 
the chimney swift, in the chimney; the meadow lark in. the tall grass of 
the meadow, etc. Some birds build elaborate nests while others build 
none, but lay their eggs on bare rocks (the gulls). Birds usually chahge 
their residence in various seasons of the year. In the winter, they often 
fly to the south, while in the spring, they return to their old haunts. 
This is known as migration. Some birds migrate thousands of miles--from 
Alaska to South America--while others migrate but a short distance. 
Birds breathe by means of lungs. The air reaches the lungs by means 
of the trachea, which divides into the right and left bronchi, each of 
which leads to a lung. The bird sings by means of a vocal organ, known 
as the syrinx, which is located at the junction of the trachea and 
bronchi. The lungs supply the blood with oxygen, remove waste, and 
provide air used by the bird in singing. 
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The heart consist·s of four chambers, the right auricle, the left 
auricle, the right ventricle and the left ventricle. _The right auricle _ 
receives blood from all parts of the body. The blood passes from the 
right auricle in1Dthe right ventricle and then through the pulmonary 
artery, which divides into two branches leading to the lungs. In the 
lungs the blood is purified and returned to the left auricle by means 
of veins. From the left auricle the blood passes into the left ventri-
cle, which forces the pure blood to all parts of the body by means of 
systemic arteries. 
The food enters the mouth from which it enters the pharynx lead-
ing into a gullet, enlarged to form a crop. In the crop the food is 
softened before it is passed into the stomach. The stomach consists 
of two parts: a dilation of the gullet, with many gastric glands, 
and the muscular gizzard. The gizzard always contains small stones to 
aid the bird in grinding up its food. The food passes from the gizzard 
into the duodenum, the part of the intestine nearest the gizzard. The 
liver is divided into right an<l left lobes, each of which opens by a 
duct in to the duodenum'; The pancreas lies in the loop of the duodenum, 
into which it discharges its secretion. 
The brain of the bird is well developed. It has a large cerebrum 
and behind this is the undivided cerebellum. Running back from the 
under side of the cerebellum is the spinal cord which has enlargements 
from which the nerves of the fore and hind limbs are given off. The 
reasons ror birds' singing are probably: because of the pleasure de-
rived, for calling birds together, for calling young or mate, or because 
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they have an ear for music. 
Birds are very important to man. Some eat insects, worms and 
other pests. Others are used for food. Others give much pleasure to 
man; others eat large quantities of weed seeds and protect the other 
plants from being choked out by the weeds and harmful plants. 
· The mammals constitute the highest group of animal kingdom be-
cause in them the development of the brain, intelligence, and reason have 
reached the highest degree of specialization. Mammals include man, dogs, 
horses, apes, bats, seals, whales, etc. They are found in all parts of 
the world except on a few small Pacific Islands. The chief characteris-
tics of this class are:1 
a. The young are born alive 
b. The young are nourished with milk 
c. The body i 3 more or less covered with hair 
d. The cerebrum is highly devel oped 
e. A diaphragm (breathing muscle) is present 
f. They have two sets of teeth and fleshy lips 
g. High circulatory development. 
P~l mammals nave two pairs of limbs, usually provided with five toes; 
some are modified for flight (bats); some for swimming (seals, whales); 
and some for rapid land locomotion (horse, deer); some for climbing 
(squirrel) or for burrowing (mole), for attack and defense (cat, tiger), 
for jumping (kangaroo) or for prehension {apes, man). In the same way, 
the teeth vary; some are adapted for tearing prey (lion, tiger); some 
for gnawing (rat, beaver); some for grinding vegetable foods (horae, cow); 
etc. 
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The blood of mammals is warm, having a temperature of from 95° F. to 
104° F. It is red in color, consisting of red and white blood corpuscles 
floating in a liquid known as plasma. The heart is composed of a right 
and left auricle and a right and left ventricle like that in birds. The 
mammal has a voice box, or larynx, located at the upper end of the trachea. 
This larynx consists of several cartilages attached by one end to the vo-
cal chords, end by the other end to the muscles. By means of the muscles, 
the chords can be tightened or relaxed or be brought together or moved 
apart, a.s needed, to change the tone a.nd volume of the voice. In the 
colder climates, some of the mammals hibernate, or sleep, during the win-
ter. During this period the temperature of the body falls and respiration 
and circulation are lower. During this period the animals live on fat 
accumulated during the summer. 
The mammals are classified in orders, as follows: 1 
Order I -- Monotremata (Exmmple, Duckbills) 
Order II - Marsupialia (Example, Kangaroo) 
Order III- Edentata (Example, Armadillos) 
Order IV - Cetacea (Example, Whales) 
Order V -- Ungulata (Examples, Deer, horse, cow) 
Order VI - Rodentia (Examples, Squirrels, beavers) 
Order VII- Insectivora (Examples, Moles, hedgehogs) 
Order vm- Chiroptera (Example, Bats) 
Order IX - Carnivora (Examples, Lions, wolves, dogs) 
Order X - Primates (Examples, Lemurs, man). 
The Order Monotremata includes the duckbills and the spiny ant-eaters. 
These mammals lay eggs, and after the eggs are hatched the young are 
nourished by milk. The duckbill has webbed feet, a flattened bill, and 
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is covered with water-proof fur. It deposits its eggs in a burrow which 
has an underground path leading beneath the surface of the water . The 
spiny ant-eater carries its eggs in a skin pouch under the abdomen. It 
feeds on ants by means of a long snout bearing a toothless mouth. 
The kangaroos, oppossums and their allies belong to the Order Marsu-
pialia (Greek--marsupion, pouch). The oppossum is found in southern 
United States and the kangaroo lives in Australia. The females of this 
group have a pocket or a pouch in which they carry their young. The 
oppossum is covered by a gray-yellow coat, and has a scaly tail like 
ths.t of the rat; the kangaroos have hind legs developed· for jumping. 
These animals use insects, birds, wild roots and fruits for food. 
Sloths and armadillos are members of the Order Edentata (Latin~-e, 
out, and dens, teeth). These animals are found in South America for the 
most part. They have poor teeth or no teeth at all. The sloth lives 
almost entirely among the branches of trees and eats fruits, leaves and 
young buds. The sloth is used as food by human beings. The armadillo 
holds ants and other insects in check and also eats mice, rats, small 
reptiles, etc. 
wqales, porpoises and dolphins are members of the Cetacae Order 
(Greek--ketos, whale). There life is spent in the water, but they are 
true mammals because they nourish their young with milk. There are two 
families of whales: the sperm whales with numerous teeth in their jaws, 
end the whale-bone whale which has long parallel plates with fringed edges. 
Whales are hunted for sperm oil. The teeth of the sperm whale are used 
for ivory. 
The Order Ungulata (Latin--ungula, hoof) include some of our common-
est domestic animals, such as the horse, pig, cow, sheep and goat. Among 
its wi~d members are the deer, rhinerocerus, giraffe, camel, zebra, etc. 
These animals live on vegetable foods. Their feet are encased in hoofs 
and their l~bs are adapted for swift motion. The Ungulates are divided 
into two groups, the odd toed in which the weight is born on one toe 
although others may be present, including the horse, rhinocerus and ta-
pir, and the even toed in which the third and fourth toes bear the weight, 
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though two others are usually present. These even-toed Ungulates are 
again divided into two groups called the non-ruminants (pig, hippopotamus) 
and the ruminants (cow, sheep, deer) • The ruminants are so called be-
cause they chew a cud; a cow, for example, first compresses its food 
into a ball, swallows it into the first of the divisions of its four-
chambered stomach, where it is stored. Later it is forced back into the 
mouth, chewed thoroughly and swallowed again into another chamber of the 
stomach where the processes of digestion 'are completed. 
The flesh of these animals is used for food and the skins for
1
wear-
ing apparel. We depend upon these animals as beasts of burden. 
The Rodential Order (Latin--rodere, to gnaw) include many of our 
commonest animals--the rabbits, porcupines, guinea-pigs, 
chipmunks, squirrels, beavers, rats, mice, and woodchucks. All these 
forms have teeth especially adapted for gnawing. The front teeth {incisors) 
are chisel-shaped, strong and provided with a continuously growing root 
so that they replace themselves as fast as they wear out. Many of them 
have special coverings adapted to their environment. The porcupine has 
quills. The flying squirrel has on each side a fold of skin which is used 
as a parachute to float from one tree to another. 
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The rodents affect man in various ways. Some are used for furs 
(beavers), others for food (squirrels). Rabbits sometimes eat the bark 
off young trees but usually they live on native vegetation, so do little 
harm. On the other hand, gophers, woodchucks and ground squirrels are 
destructive to alfalfa, clover, the roots of orchard trees, and grains. 
Rats are probably the most serious pests of this order. 
The moles, shrews and hedgehogs belong to the Order Insectivora 
(insect-eaters). These animals eat insects, end the mole in its search 
for insects in the cornfields, lawns, etc., do considerable damage because 
they burrow and make holes with their feet which are adapted for this. 
Perhaps they are of some use to man in the meadows and pastures because 
of the insects and other pests which they destroy. 
The bats constitute the 0rder Chiroptera (Greek--cheiro, hand and 
pt~ron, wing). They differ from other animals because of the fact that 
their forelimbs and hind limbs are united by a 'thin, leathery membrane or 
skin. Bats live in caves, hollow trees and other dark places. They fly 
usually at twilight and in their flight, capture and destroy many insects. 
The Order Carnivora (Latin--cam, flesh and vorare, devour) is a 
large order. These animals have large interlocking canine teeth, and 
sheer cutting molars, a very strong jaw hinge, and enormous muscles at-
tavhed to ridges on the skull. The Carnivora include two divisions: the 
aquatic forms (seal, sea lion, walrus) in which the legs are short and 
web-footed, and the land forms, with long limbs and separate toes.1 These 
land forms are divided into three groups, according to the manner of walking: 
1. Those walking on the foot (bear, raccoon) 
2. Those walking on the toes only (dog, wolf, cat, fox, hyena, tiger,etc) 
5. Those walking partly on the toes (martin, mink, weasel, otter, etc.) 
Nearly all these animals are wild and useful for their furs. 
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The Order Primates (Latin--primus, f~t) are the highest order of 
1 
mammals. They include: 
1. Man 
2. The Gorilla 
This is the largest of the apes, a native of Africa. It is 
erect, does not climb trees, and resembles man closely in 
structure, though much stronger than man. 
5. The Chimpanzee 
This is also found in Africa. Although smaller than man, it 
resembles him more closely than the gorilla in brain, face, 
hands and ears. 
4. The Orang-utan 
This is found in the East Indies. It resembles man in brain 
structure and skeleton. 
s. The Old World Monkeys and Baboons 
These are found in Asia and Africa. They have narrow noses 
and non-prehensile tails. 
6. The New World M9nkeys 
These are found in South America. They have wide, fla t noses 
and prehensile tails. 
7. Marmosets 
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These are found in Mexico and Brazil. Lemurs (found in Madagas-
car) are the small forms, much less like man in structure. 
All these have teeth that are adapted for chewing plant and animal food. 
The toes and fingers are usually provided with nails. Because of the 
superior development of the brain, man is superior to all the other animals 
in intelligence. 
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Usually we can tell the difference between a plant and an animal 
by appearance, but in many respects they are similar. Plants have organs 
with which we are familair. We shall study some of these-their work , 
and importance. 
The leaves of the plants are the factories which make food for the 
world. They give off water to the atmosphere and oxygen for respiration 
in the animal world. The expanded part of ·a leaf is the blade. This 
is usually supported by a stalk or petiol~. The part of the stem which 
extends into the leaf is the mid-rib and the branches of this are veins. 
Sometimes these veins run parallel to each other (Solomon's Seal) and 
in other leaves, they form a network (the Foxglove). The veins act as 
organs of support to the leaf. Suppose we look at a erose section 
of a leaf. The outer surface is covered Qy a thin layer of cells, the 
epidermis. Below the epidermis are the palisade cells which expose the 
chlorophyll to the light. The spongy layer is beneath the palisade layer 
and consists of thin walled cells with air spaces between them. In these 
cells as in the palisade cells, starch making is carried on. There are 
openings in the epidermis known as stomata which serve as regulators 
admitting carbon dioxide and excreting oxygen. Leaves of plants are usual-
ly green, caused by the green pigment of the chlorophyll bodies, or chloro-
plasts. The chlorophyll bodies are the apparatus for making starch and 
sugar. As mentioned before, the veins of leaves are of two kinds, ,Parallel 
or netted. Theparallel-veined leaves are of two kinds: those in which 
the veins areparallel to the mid-rib and run from the base to the apex--
known as parallel palmate-as in Solomon's Seal, corn, and grass, and those 
in which the veins run from the mid-rib to the margin as in the canna leaf. 
There are also two types of netted veined leaves: the pinnate, in which 
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there is a main vein, the mid-rib, which extends from the petiole to 
the tip, as in the leaf of the elm or the Foxglove, and the palmate in 
which the veins diverge as in the maple and melon. There are two kinds 
of leaves: simple and compound. Simple leaves are those consisting of 
a simple -blade, as the maple. _The margins may be entire, or th~ may 
be lobed, cleft, parted or parallel. A compound leaf consists of many 
divisions of t..~e blade, ~as the locust. Leaves also vary in their arrange-
ment on the stem. Leaves are opposite when two leaves arise on the same 
level on the stem (the lilac and the horse chestnut). Leaves are whorled 
when three or more arise on the same level (the dandelion). Leaves are 
usually alternate, because in this form they have the best relations to 
light. Their position prevents the shading of other leaves. Leaves are 
also modified to perform special functions. They may be reduced to mere 
tendrils for climbing (pea) or they may develop as thorns for protection 
(rose). They may thicken up with stored nourishment and even reproduce 
. the plant (live-forever) or they may develop into traps for insects 
(pitcher-plant). Leaves have many special uses. They are used for food, 
beverages, medicine, clothing, shelter and ornamental purposes. (Demon-
stration experiment: by means of a spring clothespin, fasten two watch 
crystals to a leaf so that one well covers the upper surface, and the 
other, the lower. Place the leaf in bright sunlight and examine it from 
time to time for moisture. Learn the source of the moisture and its use ' 
to the plant.) 
The function of stems is to support the leaves and flowers in order 
to enable them to do the work of food making and reproduction. The stems 
also bring the roots and leaves into communication with one another by 
carrying water to the leaves and conducting the newly-made food from the 
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leaves to the parts of the plants where they are needed. Leaves also 
support fruit for dispersal, serve as a storage place for food-stuffs, 
and propogate the plant in some cases. Buds may be located at the ends 
of the stems, in which case they are called terminal (end) buds, or they 
may grow at the sides of the stems and are called lateral (side) buds. 
If the terminal buds keep in advance of the lateral buds, a slender, 
cone-shaped outline results, which is known as an excurrent type, such 
1 
as is shown in pines and spruces. Such trees have several advantages: 
1. They grow rapidly above their neighbors 
2. Their slender, fleXible tops offer little resistance to the 
storms 
5. They can grow close together and still let light down t o their 
lower branches 
4. Their lower branches can bend and shed snow easily. 
If, on the other hand, the lateral buds equal or exceed the terminal ones, 
the plant assumes a broad spreading outline called the deliquescent type 
as shown by the elm, apple, and oak. This form is well adapted to its 
environment because it crowds out and kills its neighbors. 
Sometimes the growth of the terminal buds may be checked by bearing 
flowers. If so, the branch usually rorks in a Y-shape, such as the horse 
chestnut and magnolia. In some shrubs, the terminal buds are unprotected 
during the winter. Hence they are killed back and thus produce a very 
irregular type of branching, called indefinite. This is well illustrated 
by the sumack. 
In some plants the stems are shortened, as in the case of the dande-
lion. These plants escape the grazing animals and crushing, as well as 
crowding away the near-by plants by their wide-spreading leaves. 
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Many plants have stems which follow along the ground, stone walls, 
etc. Such stems protect the plant from wind, cold, storm, and severe 
weather conditions. At the same time, the stem acts as a means of re-
production, or propagation because it sends out roots or nodes. 
Some plants expose their leaves to. the sun without supporting stems. 
They do this by climbing. The pole bean does this by twining around the 
pole. Another method is by Putting forth tendrils as in the case of the 
wild grape, cucumber, etc. 
Another modification of stems develops because of the storage of 
food• Such s tems are our common vegetables which are used for food. 
Rhizomes, or rootstalks, are stems which lie on the ground or are 
buried beneath the surface, but continue their growth from year to year. 
Examples of this type are the iris, bloodroot and common quack grass. 
Tubers are rootstalks thickened by the storage of food. The potato 
is the most common type; its eyes are buds from which branches develop 
when the proper conditions for growth are present. Corms are short root-
stalks, commonly ~ailed bulbs. The crocus and the gladiola a-e good 
examples of these. Bulbs have very short stems which are reduced to a 
flat portion .from the upper part of which leaves rise in the form of 
scales. A bUb differs from a cor.m in that the material for new growth 
is stored ip the thickened scales without the short, fleshy stems. 
Stems are covered with skin or bark which protects them from storms. 
Through this bark are openings which admit air and allow for the passing 
of water vapor. On the bark will be found scars left by the . leaves of 
previous seasons. Often the bearing of a flower or fruit makes a scar 
differing from those made by falling leaves. These are very plain on the 
horse chestnut. 
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If we cut through the stem of any common tree, we find four layers: 
bark, cambium, wood and pith. The bark includes the epidermis, cortex, 
bast fibers and bast tubes. The cortex is found directly under the bark 
and is made up of thin wall soft cells. The duty of the cortex is to 
make food and aid in digestion. The bast fibers are found next to the cor-
tex and these are thick and tough, assisting in the support of the plant. 
The bast tubes are long tubular cells used to transfer the food from the 
leaves downward to the parts of the plant where it is needed. The next 
layer is the cambium layer and this forms bark tissue on the outside and 
wood and ducts within. Next we see the woody region made up of wood fi-
bers to support the stem and ducts for the upward transfer of water. In 
the center of a stem we find a soft spongy layer known as the pith and 
used for storage of food as well as cross transfer of water. 
Stems furnish us with food, sugar, mollasses, medicines, spices, 
food for domestic animals, linen, hemp, jute, etc. 
Roots differ £rom the stem in the following points:1 
Roots 
a. Bear no leaves or flowers 
b. Grow irregularly 
c. Growth mostly at the tip 
d. Tip protected by cap 
e. Branching very irregular 
f. Turn toward the earth 
Stems 
a. Bear leaves and flowers 
b. Grow by definite nodes 
c. Growth in each inter-
node 
d. Tip protected by scales 
e. Branching regular 
f. Turn away from the earth 
A root has a single outer layer, the epidermis, which serves as pro-
\ 
tection. Beneath this is the cortex which is for the transfer of food. This 
layer is made up of loosely-packed cells. This layer is separated from 
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the central cylinder by the boundary layer which occupies the rest of 
the root. In the central cylinder are also found three types of tissue 
which are found in the stem: wood and ducts, bast, and cambium. The 
bast and wood give toughness and etrength. The bast tubes transfer li-
quids and air to parts of the root and plants. There are many kinds of 
roots, the chief ones being: fascided, parasitic, adventitious, aereal, 
brace, fibrous, tap-root, aquatiQ, and fleshy. Some roots are enlarged 
and serve as storehouses of food. When such roots are in clusters, they 
are called fascided roots. The sweet potato, the roots of the rhubarb, 
peony, and dahlia are examples of this type of root. Roots which obtain 
nourishment from other plants are parasitic roots • . The dodder is an ex-
ample of this. Roots which occur on stems or leaves are known as ad-
ventitious roots. Certain varieties of strawberry plants and the gerani-
um are examples of this. Roots which grow. in the air are known as aerial 
roots. The Virginia Creeper and the Ehgllsh Ivy are examples. The In-
dian corn sends out roots at some distance from the ground. They take 
up food and moisture for the plant at the same time offering support to 
the plant. Our common grasses have many fine roots which extend in all 
directions. These plants can survive long droughts because of the abili-
t,y of these roots to cover a large area and absorb the moisture. Such 
roots are known as fibrous roots. Many plants have a long tap root which 
extends deep into the ground where it finds water and food under adverse 
conditions. Often the dandelion, thistle and burdock will survive while 
other plants are perishing because of this type of root. Aquatic roots 
are small and float in water as the Water Hyacinth and Duck-weed. These 
roots do not need large surfaces because the water furnishes a plentiful 
supply of moisture. 
Roots such as the beet, carrot, potato, etc., furnish food for man. 
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Horseradish, sarsaparilla, sugar, tapioca and other necessities of life 
are also supplied by roots. 
Flowers are the organs of the plant which Eproduce it• The parts 
of the flower are as follows: sepals--greenish pointed leaf-like 
parts on the outside which make up the calyx, protecting the rest of 
the flower. One of the sepals has a spur in the bottom of which is a 
drop of nectar. The larger parts, brightly colored and showy in many 
plants are petals which together make up the corolla. The slender organs 
which surround the central portion of the flower are these. A stamen 
has two parts, the filament or stalk, and the anther, or box, at the top, 
which contains the pollen. The pistil consisting of three parts is found 
in the central portion of the flower. At the top is the stigma, below 
it the syle which connects the stigma with the lowest part or ovary. In 
order that a flower may produce seed, the pollen must be transferred from 
the anther of one flower to the stigma of another, which is known as 
pollination. If it is between different flowers, it is cross-pollination, 
and if it is a transfer directly onto the stigma of the same flower, it 
is self-pollination. The wind and insects are the chief agents needed 
for· pollination. Insects are attracted to the flower because of the sweet 
nectar found in the spur, their bright color, the odor, etc. Winds 
carry the pollen from flower to flower because the flowers are often 
high above the leaves. The petals and sepals in some plants are small 
or lacking, the pistils are large and sticky and there is an abundance of 
pollen. For the purpose of obtaining different varieties of plants, or 
improving existing varieties, cross pollination is carried on by man. 
This is done by covering both the pistil to be pollinated and the flower 
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from wHCh the pollen is taken with a paper bag. V~en both the pollen and 
stigma are mature, the pilen must be transferred with a small brush. Then 
the bag is replaced over the pollinated flower to let the seeds ripen. This 
process is known as artifidal pollination. 
At one time our country had a surplus of many beautiful wild flowers 
but now these once plentiful flowers are scarce because of the lavish and 
careless picking of them. Many states have passed laws protecting our wild 
flowers and we should never pick them along the roadside, even though they 
appear plentiful because soon they would become extinct if this were done 
over a period of .time. 
Flowers are used in making food flavors--cloves, saffron, and capers. 
They are very useful to the bee as a source of honey, which in turn is eaten 
by man. Flowers are also a source of much pleasure and happiness because 
of their beauty and odor • 
. 
When the ovary of a flower grows and becomes ripe, it is known as a 
fruit. The function of the fruit is to protect the seeds from attacks by 
insects, to prevent loss of water, and to provide means of dispersal. 
There are four chief types of fruits: ston~ fruits which have a single cell 
and contain_ a stone (peach), pome fruits which have a papery core enclosed 
in a fleshy covering, of many cells ··(apple, pumpkin, cucumber), dry fruits 
with a single seed--grain or nuts, and legume--the bean pod, a type of 
dry fruit with many seeds. After the seeds are ripe, they must scatter 
themselves over the ground. The methods of seed dispersal are by means of 
wind (the maple "key" has wings so when it falls, it is blown quite a 
distance; the poppy fruit has a pepper box arrangement with many small 
openings--the stem is stiff and springy and the small heavy seeds are thrown 
out as the pod whips in the wind); by mechanical means (the pea throws out 
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its seeds by twisting the pod when it dries); by means of water, i. e. 
the bladder nut and sedge have life preservers to allow t he seeds to 
float on water; by hooks or burrs (Desmodium and~itch forks" have hooks 
which catch on animals and are thus scattered). 
Fruits are useful to mru1 · as food and other products. Clothing is 
made from the cotton boll. On the other hand, some of the fruits re-
produce much too rapidly and must be controlled or they soon choke out 
the more useful plants. Some fruits are poisonous and these occasional-
ly do harm to man, as in the case of the Janison weed and Water Hemlock. 
We all realize that we would have no plant if we didn't have a seed 
in the beginning. On examining a seed we discover that it has three parts: 
the immature Pant (embryo} stored food, and the protective covering. The 
outer covering of the seed is called the tsta which protects the internal 
structure of the seed. A second inner coat is found in some seeds, known 
as the tegumen. All seeds are at one time a parent of its parent so there 
is present a scar which is the place where the seed is a~achedto the 
parent. ·rhis is known as the hilum. Near the hilum is the micropyle 
(little door) which is a small opening. This little door has two func-
tions. It lets in pollen and it allows the little plant an opportunity 
to get out when it commences to grow. Within these coats is the kernel 
or embryo. This consists of three parts: the cotyledons, plumule and 
hypocotyl. The cotyledons are the seed leaves. They may become leaves 
when the plant begins to grow or they may merely furnish food for the 
growing plant, withering up and dropping off . as soon as the plant is 
old enough to provide for itself or sometimes as in the case of the pea, 
the cotyledons are so full of food? they can not be lifted, so supply from 
their position in the ground below the plant. These cotyledons vary 
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in size and fQ~ction and also in number. Those having but one cotyledon 
such as the corn, grasses, etc., are known as monocotyledons. The be~~, 
squash, apple and buttercup have two cotyledons and are known as dicotyle-
dons. Other plants such as the pine have more than two cotyledons, and 
are known as polycotyledons. The plumule is the part of the embryo above 
the cotyledons and develops into flowers, stem and leaves. The part of 
the embryo below the cotyledons is known as the hypocotyl and develops 
into the roots. (Demonstration experiment: obtain lima or kidney beans 
which have been soaked a day; plant in moist soil and allow to develop 
for two days, for five, for eight, for ten, for twelve, and then for two 
weeks. Observe them as they are removed from the soil, noting the posi-
tion of the various parts with respect to the surface of the soil and 
each other). 
Men use seeds for food, as in the case of bread made from grains. 
Our cereals are made from seeds. Many beverages such as coffee, cocoa, 
etc., are made from seeds, as well as valuable oils--cotton seed, linseed, 
etc. Seeds are utilized in the making of medicine--castor oil,opium, etc. 
We shall now study the plants according to their structure beginning 
with the simplest and working to the more complex as we did with animals. 
There are four large phyla. The Thallophyta (Greek--thallos, a young 
shoot, and phyton, a plant) are pl ants without stems or leaves. They 
are divided into two main groups--the .algae and the fungi. The algae 
contain chlorophyll, and can therefore in the presence of sunlight make 
their own food. The fungi, however, do not possess chlorophyll, so find 
it impossible to manufacture their food. They get their nourishment from 
dead organic matter, in which case they are saprophytic, or they are 
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nourished on the tissue of living organisms, in which case they are 
parasitic. There are four groups of algae: the blue-greens, greens, 
browns, and reds. Often while walking in the woods, one sees pleurococ-
cus on the shady sides of trees, rocks, and stone walls in damp places. 
This plant causes t he material on which it grows to appear bright green. 
The pleurococcus is made up of a number of small green cells containing 
a nucleus and a chlorophyll body. When reproducing each cell divides 
into two. The two new cells may cling together in twos or fours, for 
a time. Sometimesa clump of these cells formsa colony. (Demonstration 
experiment: obtain some pleurococcus which grows on the sides of trees, 
usually the north side. Scrape a little of this material off the bark , 
place it on a slide, and mount in a drop of water. Examine under a 
microscope, observing that some of the little cells are in colonies of 
two or more). 
Spirogyra is found in ponds and other bodies of fresh water. The 
plan·t consists of long filaments made up of cylindrical cells. This is 
sometimes called pond scum. Under the microscope, one or more chloro-
phyll bands may be seen in spiral arrangement on the inside of the cells. 
At intervals in the green bands , ther e are small bands called pyrencids. 
Starch is formed around these pyrenoids. Spirogyra, an example of green 
algae., increases in size by the divisi on of the cells. The nucleus di-
vides into two parts and a wall is formed between them. This sometimes 
takes place in all the cells in a filament. Multiplication of the 
plant may take place by the separation at the cross walls. The split-
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ting of the walls keep the cells from being injured. 
Sexual reproduction occurs in the spirogyra by conjugation. Two 
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filaments lie side by side. Tubes grow from the opposite cells. The 
tubes meet, and where they come together, the walls disintegrate. The 
entire contents of one cell will pass into the other and form a zygospore. 
The cells unite to form a zygote and are known as gametes. (Demonstration 
experiment: obtain sane pond scum. Place a small filament under a 
microscope. Notice the long cells and the method by which they are ar-
ranged.) 
Brown algae are usually found on rocks in salt water. Some grow 
to be one hundred and fifty feet in length. Their color is due to a 
brown pigment which masks the green chlorophyll. Along the Pacific Coast 
are found many kelp beds which are examples of brown algae. These are 
used by man in making commercial fertilizers because of the large amount 
of potassium salt found in them. 
The blue-green algae are so called because of the presence of a blue 
and yellow pigment which gives them their characteristic color, although 
the pigment combinations may cause them to appear other colors. The Red 
Sea derives its name from the color caused by the presence of this algae. 
Sometimes tbeaealgae cause drinking water to become bad tasting, with a 
peculiar odor. Nostoc is an example of this type of algae and is often 
found in slimy masses floating on water or damp soil. 
Red algae are found in warm seas, Irish Moss being representative. 
It is red because of a pigment found in the cells. Irish Moss is used 
for making gelatin and agar-agar, a substance used for the making of 
cultures, for bacterh., and is obtained from gelidium-another example 
of red algae. 
Bacteria, the smalle::t of all known plants, are members of the fungi. 
These minute plants play a very important role in our lives. They cause 
the decay of plant and animal matter, disease, the souring of milk, the 
ma~ing of cheese, etc. Man did not know of their existence until 1685 when 
Leuwenhoek, a Dutch lensgr.lnder, discovered them with his many lenses. 
These small plants usually reproduce by fission. Bacteria are always 
one of three forms. They may be spherical, rod-shaped or round. In the 
spherical shape they are known as cocci. The rod-shaped bacteria are 
called bacilli, and the spiral ones are spirilla. Some bacteria have 
the power of motion by means of. flagella, which drive the bacteria through 
the water. They live chiefly on organic Substances and survive the best 
on proteins because the proteins contain nitrogen which is necessary 
for the gowth of most material. The spoiling of food is due largely 
to the action of bacteria. For this reason it is necessary to place food 
in conditions unfavorable to the growth of bacteria. Col d storage is 
one method of preserving goods. Low temp~ratures do not always kill 
the bacteria but they are prevented from multiplying under such condi-
tions. Bacteria need moisture for their growth. If foods such as 
peaches, raisins, apples, etc., are dried, the bacteria ~prevented from 
multiplying and in this way the dried food is preserved . Bacteria may 
be destroyed by heat so ·the housewife cooks many foods and then immediate-
ly seals them in jars to prevent the entering of any bacteria. The 
length of time required in cooking varies with the food. Certain forms 
o£ bacteria live on roots o£ plants as in the case of clover, alfalfa, 
etc. These bacteria have the power of taking the nitrogen from the 
soil and form useful compounds which may be utilized by the plants. Other 
types are necessary · for the fermentation of alcohol and vinegar, the 
tanning of leather and the preparation of hemp and flax. (Demonstration 
experiment: examine bacteria with a microscope. Put small quanti ties of 
of meat, fish, peas, and other foods, in dishes and cover them with water. 
Keep them in a warm place for a few days and then examine again.) 
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The mushrooms are examples of the fungous forms. Some of these 
are edible but the majority are ·useless as foods, some being poisonous 
and others doing great damage to trees. The mushroom has a stalk. At 
the upper end of the stalk is an umbrella-shaped part, the pileus. Be-
neath this is a portion consisting of numerous thin parts, or gills. 
The spores are found under the pileus on the gills. One should never 
gather mushrooms unless he is positively .sure that he is able' to 
distinguish the poisonous from the non-poisonous. 
Another class of fungi includes the rusts and the smuts which at-
tack grasses, corn, etc., doing enormous damage yearly. Mildew causes 
the rot in potato and qther crops. Molds are also familiar forms which 
live upon meat, bread, wood, paper, etc. ~olds produce spores which 
are in the air and reproduce whenever favorable conditions are provided. 
The plant consists of a slender filament, the mycelium. This grows over 
the bread and forms threads known as hyphae at the . tips of the hyphae 
are found 'round, black sporangia which produce spores which germinate 
and form new plants. Wheat rust, chestnut blight, potato wart, etc., 
are all examples of fungi. It is estimated that there are two hundred 
and thirty-eight kinds of fungi that attack useful plants: the fungus 
growth on tree, logs, etc., is known as bracket fungUs~ The mycelium 
penetrates into the wood so that it destroys its host eventually. Puff-
balls produce spores which look like smoke when the puff ball is dis-
turbed by some external force. Yeast is a very simple form of fungus 
living on sugar solution changing it to alcohol. It reproduces very ra-
pidly and this is brought about by the formation of buds on the parent 
plant which grows and develops into a full-size plant, to reproduce again. 
The yeast ·consists of single oval cells.. Yeast is important in the pro-
1. Biology for Beginners, Truman J. Moon, page 138 
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cess of bread making, beer making, etc. 
The word bryophyta means "moss plant". These plants are more highly 
organized than the thallophytes. They lack true roots but have rhizoids 
which are hair-like organs taking the place of roots. Mosses reproduce 
under favorable conditions--new branches covered with leaves coming from 
old ones indefinitely. A moss plant has an erect and branchy stem. 
It is held in position br means of its rhizoids. At the end of a main 
stem is a rosette of leaves in which there are antheridia, which contain 
sperm cells and flask-shaped archegonia, containing eggs. The sperm 
moves by cilia through a film of moisture from the antheridium to the 
archegonia. It enters the neck of the archegonium and passes down to 
the egg and fertilizes it. This stage of reproduction which does not 
produce spores but produces sex or~s is known as the gametophyte to 
generation. After fertilization an oospore is formed within the arche-
gonium, the oospore at once beginning to germinate and to form a spore-
producing structure, which consists of a long slender stalk. When the 
spores are mature the case opens and sheds its spores. The spore case 
with its stalk is the sporophyte. The spores germinate and produce a new 
plant. •oases . decay and make soil very rich, while peat, a fuel, is 
made from the remains of mosses. 
The next higher phlum of plants is the Pteridophyta which means 
"fern plant". These plants have true leaves, roots and stems. They make 
their own food by means of the chlorophyll bodies found in the plant's 
leaves. In some types of ferns, the stems are long and creeping while 
others are short and erect. The fern leaf is known as the frond and its 
stem is slender. This rachis, a.s it is called, has small leaflets, or pin-
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nae, · distributed on it. These pinnae ar e made up of smal l divisions 
or pinnules. Underneath the pinnules are found sori which bear spores. 
These spores produce the prothatllium which is a flattened green body . 
Rhizoids grow from the prothallium. Among the rhizoids, anther idimnis 
produced. In the antheridtumsperm cells are produced, provided with 
cilia, which assist the sperm in swimming in the mois ture on the prothal-
lium. The archegonia or egg cases are also on the under side of the 
protha.llium. When the sperm cells are mature they swim around and come 
in contact with the neck of the egg case, which one of them may enter. 
When this has occurred and there has been uniting with the nucleus of the 
egg cell, the process of ferUlization is complete. After fertilization 
an oospore is formed which develops into a le~fy sporophyte. It soon 
produces roots, and an independent fern plant. 
When a plant produced by spores (asexual reproduction) alternates 
vnth one sexually produced, the process is known as alternation of 
generation. The production of a prothallium is a method of exual re-
production. The following year production of ~ggs and sperms is caused 
by the prothallium which is ah example of sexual reproduction. So al-
ternation of generation is present in the life history ~the fern. 
Other examples of the Pteridophyta Phylum are horsetails, found 
along the borders of marshes, in sandy wastes, or in arid soil~ They 
have erect stems attached to underground rhizoids. Club mosses are so 
called because the spore-bearing part resembles a club and the leaves 
give them the appearance of mosses. In the club moss the leafy stem is 
a spore plant while in regular mosses, the leafy stem is the gamete plant. 
The importance of ferns, horsetails, and club mosses is in the 
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formation of coal. During the early eara of our civil ization, plants 
were much larger than t hey are today. At that time there was much 
moisture and carbonic acid in the atmosphere. ~bably that was one of 
the leading reasons why the ferns and other plants grew to such large 
dimensions. Gradually these plants decayed and became covered with 
water. The land upheaved and the pl ants became submerged. Tremendous 
pressure was exerted and the formati on of coal took place. 
' 
The "seed plants" or spermatophyta as they are called, are the 
highest phylum of plants. They are distinguished from all other plants 
by their ability to produce seeds. This phylum of pl ants is divided 
into two groups, the gymnosperms and the angrosperms. The pines, spruces, 
etc., are members of the former group while our flowering pl ants belong 
to the latter. The angrosperms are, in turn, divided into two classes, 
the monocotyledons and the dicotyledons. The main stem of a gymnosperm 
is usually excurrent wi th lateral buds which are grouped in the form of 
a whorl under the terminal buds. The branches near the bottom are 
longer than the ones at the top which gives the tree a cone-like shape. 
These trees are often called evergreens because they retain their foliage 
throughout the winter. These trees bear cones of two kinds, t he large 
seed-bearing cones or pistillate cones, made up of hard scales closely 
packed together. On the upper side of each scale are t wo small cavities, 
each of which contains an ovule. I'he small, or staminate cones, are 
composed of scale-like stamens. There are two pollen sacs on the lower 
side of each stamen, containing many pollen grains. These staminate cones 
shed their pollen and by means of the wind it is carried to a pistil-
late cone where it enters the cavity containing the ovule. Here it is 
held by a sticky fluid. The scales now close and the cone turns down 
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to cover it from the external conditions. In May or June of the follow-
ing year, the ovules are ready for fertilization. The pollen tube 
begins to grow and enters the egg. Hence it is fertilized. The cone 
contains the mature seed which develops into a young plant. 
in the angrosperms the seeds are enclosed in a cavity (ovary). 
In angrosperm there is a union of the two sexes in the same flower, usually~ 
while in the gymnosperm the union is in different flowers on the same 
plant. 
The trillium is an example of the angrosperm. It has all the parts 
of a complete flower. The calyx has three sepals. There is an inner 
group. of three petals, alternating with the sepals and constituting 
the corolla. At the base of each petal is a nectar gland. 
There is no more enjoyable way of studying these plants than by 
the field work so convenient to the nature lover. At the same time 
much is learned of the lives of insects and other animals. We should 
study them as they grow in the fields or woods and not by picking them. 
As we learn more about the animals and plants that surround us, we 
realize more and more our interest in Biology. 
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PHYSIOLOGY 
It is often taken for granted that the chief qualification for the 
teaching of Physiology is a knowledge of anatomy. What has often been 
called Physiology is and should be more than this. It should teach the 
operation and care of the body. It should discuss the body 1 s derangements 
and abuses. It should teach the training of the body. It should bring to 
the student the realization of his dependence upon the surrounding environ-
ment in which he lives as well as an understanding of his dependence upon 
ot her f or ei gn environments . 
PHYSIOLOGY 
The study or the science of the construction of the body is 
called anatomy; of its behavior , operation, or workings1 its physiolo-
gy and of its proper management, protection and care, i ts hygiene.1 
It is the aim of this course t o give ·an account of the body's opera-
tion and care, but before this can hope to be understood , I shall 
state briefly the structure or anatomy of the human body . 
The body is made up of different parts such as the head , ar ms , 
hands, feet, trunk, etc. These parts are in turn compos ed of smaller 
part s called organs-the nails of the fingers, the muscle::: of the arms , 
the hair found on the surface, etc. Because of t hese various organs , 
the body is known as an or~anism. The organs are in turn composed of 
smaller parts knovm as tissues~ For instance, the muscles are joined 
to the bones by a dense, strong form of tissue known as a tendon. In a 
s imilar manner the bones are united by means of ligaments, and so on. 
The tissues are made up of even smaller parts, the cells , which vie have 
already studie~ in Biology. The surface of the body is covered by a 
protecting coat, the skin. The skin protects the body from harm and aids 
in the dissipation of heat. ~f the loss of heat is prevented, the re-
sult is intense fever and death follows . The skin also aids in the ex-
cretion of waste materials from the body by means of perspiration. 
The skin is made up of connective tis sue containing blood vessels. 
The deepest l ayer of the skin consists of a sheet of connective tissues 
to which are conf ined all the nerves , blood vessels, etc. THS layer , the 
1. The Human ivlechani sm , Hough and Sedgwick, page 5 
corium , serves to nourish the layers of cells, known a s epithelial 
cells which rest upon it. There are s everal l ayers of t hese cells , 
but the ones directly upon the corium grow actively e~d continually, 
producing new cells. .ti.s these cells grow, they are pushed outwar d and 
their s hape and composition are altered. They are flattened and the 
material of which t hey are composed is changed into a har d sub s t ance 
knovm a s keratin. Keratin is the material of which the hair, finger 
and toe nails of man and the horns and hoofs of ot her animals are com-
posed. The deeper l ayers of t he epithelial cells contai n pi~ment. The 
amount of pi 5ment varies with the inheritance of t he indi vi dual , and to 
some e:tent vrith the mnonnt of his exposure to the sunlight. 
A hair is an outgroV~rth of· the epithelial cells of the skin. The 
surface of the skin is depressed into a deep pit w~ich extends into the 
corium. The hair grows from the bottom of the pit or follicle a s it is 
called . Layers of dead or modif ied cells are piled up , f orming a hair. 
There are t wo t ypes of hair .on t he body: the very fine hair, t he lanu-
go hair (the down on a child's cheek); and the second a coarser t ype 
more deeply rooted in the skin, the hair of the beard, scalp, eye brows, 
:1 eyela shes , etc. 
Two or mor e gl ands ar e a ssociat ed '1'\i  th each hair. The gl ands are 
grease glands which open into the sac of the hair f ollicle near the 
point where the hair emerges. These gl ands are formed by the irregular 
outpo~ng of a hair follicle. The epithelia~ c~lls which line this 
pouch ~Tow and degenerate, as do the epithelial cells of the surface, 
but instead of ch~g into horn they become impregnated with f atty materi -
al. TPls f at forms the secretion of the gl ands. 
· 1. What You Should Know About Health and Disease, H. Vi . haggard, page 256 
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The skin in practic~.lly all parts of the body contains sweat 
glands. These glands are not associated with the hair, although a 
sweat gland like a hair follicle is formed by the infolding of the 
epithelium. The long slender tube thus formed is coiled into a 
spiral which extends downward through the corium. These glands se-
crete a fluid which is derived from the blood in the vessels sur-
rounding the lower portion of the gland. 
The body of the human being has three regions, the head, the 
trunk, and the limbs. 'The trunk is divided into two parts: the 
chest and the abdomen, ~Y a large dome-shaped muscle, the diaphragm. 
The vi tal organs of the body lie in th:re important body cavities: 
the cranial cavi~ or brain case; the thoracic cavity, or chest 
cavity; and the abdominal cavity. Filling the thoracic cavity are 
found the heart, lungs, oesophagus, windpipe, or trachea, and a 
great many blood vessels • . The thoracic cavity is lined by a thin 
membrane called the pleura. The abdominal cavity is lined by the 
peritonium and herein are found the stomach, the small intestine, the 
large intestine, the liver, the pancreas, the kidneys and the spleen, 
together with large and important arteries and veins. These organs 
are suspended in the abdominal cavity by a membrane, the mesentery.1 
The skeleton, made up of the bones of the body is a means of 
support, besides giving shape and protection to the more delicate or-
gans of the body. The skeleton comprises the backbone or vertebral 
column, the ribs and breastbone, and the skull. 
The skull is made up of the bones of the face and cranium, which 
is supported on the spinal column. The spinal column is composed of 
1. Essentials of Biola~, W. H. D. & Louis Meier, page 313 
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separate irregular ring-like bones, or vertebrae pl aced one above 
another and bound together by bands of strong connective tissue known 
as ligament. It is customary to divide the backbone into the following 
. 1 
reglons: 
Cervical 
Thoracic 
Lumbar 
Sacral 
7 vertebrae of the neck 
12 vertebrae of the chest to which ribs are 
attached 
5 vertebrae of the "small of the back" 
5 vertebrae (fused together) to which the l arge 
hip bones are attached 
Coccygeal - 4 or 5 very small simple vertebrae. 
The twelve pair of ribs are attached to the thoraci c vertebrae of the 
spinal column and in front to the sternum or breast bone, and are made 
up of a bony and a cartilaginous portion. The bones of the arm, legs , 
2 
hand and .foot are as follows: 
Humerus -- Single long bone of the upper arm 
Radius 
and -- Two nearly parallel bones of the forearm 
Ulna 
Eight .small irregular bones of the ~Tist 
Five parallel bones of the palm 
Bones of 
fingers: 
Femur 
Tibia 
and 
Fibula 
Thumb, t wo bones, other fingers, three bones. 
Single long bone of the thigh 
Two nearly parallel bones of the lower leg 
Seven small irregular bones of the ankle and heei 
l. The buman Mechanism, Hough and Sedgwick , page 14 
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Five parallel bones of the instep 
Bones of the toes: Great toe, two bones; other 
toe, three bones. 
The legs are joined to the spinal column by the hip bones. The hip 
-titi 
bones together with the sacral form the pelvis which gives a firm sup-
port for the body. 
The bones of the upper arm are joined to the shoulder girdle, 
which consists of a pair of bones: the collar bone, or clavicle, con-
necting the upper end of the sternmn w~th the shoulder; and the shoulder 
l blade, or scapula, at the back. 
The place at which two bones meet is called a joint. Some, like 
those at the elbow, knee, fingers and toes, allow motion in but one di-
rection. These are hinge joints. Other joints as in the shoulder and 
hips, are ball-and-socket joints. There are also immovable joints a s 
in the skull. 2 The ligaments join these joints together. 
The bone& make up is of living cells surrounded by much lifeless 
material rich in mineral matter, consisting chiefly of calcium and phos-
phorous. The cells are nourished by means of blood vessels in connecting 
channels between the cells. The shape and the size of the bones vary, 
and depend largely upon their functions. The outside of a bone consists 
of a stout membrane called the periostium. Beneath thi·s a dense layer 
of bone is deposited. Flat bones, such .as those of the skull consist 
of t wo layers of dense bone inclosing and united by a middle layer of 
spongy bone. The spongy middle layer is filled with marrow. The 
general structure of the long cylindrical bones of the legs and arms is 
5 
similar to that of the flat bones. (Demonstration experiment: obtain 
1. Essentials of Biology, W. H. D. & L. Meier, page 515 
2. Physiology and Health, Conn & Holt, page 111 
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a rib bone of a sheep or a pig in a meat market and place it in a tall, 
narrow bottle. Cover the bone with water diluted with about 2lf/; of hy ... 
drochloric acid. In twenty-four hours take the bone out, rinse it 
thoroughly and examine it to determine what the acid has removed and what 
remains. Also place a bone in a hot fire and let it remain for two or 
three hours. Examine it and learn what remains and what has been Emoved.) 
The carbohydrates, proteins ·and fats which man eats as foods are 
not usually in a form that can be utili.zed by the bodily tissue. Di-
gestion is the process by which these foods are changed into soluble 
substances that can be absorbed and utilized in the body. 
The processes of digestion accomplish three chief results: they 
separate the nutritious and therefore important part of the food from 
the innutritious and therefore useless; digestion brings the solid part 
of the food into solution by changing insoluble into soluble substances; 
digestion transforms foods as eaten into compounds v1hich can be used by the 
.1 
cells of the body. 
Digestion is carried on by a set of organs known as the digestive 
tract or alimentary canal. 'rhis consists of a tube extending from the 
mouth to the posterior end of the trunk. The parts of the alimentary 
canal are the mouth, throat (or pharnyx), gullet (oroesophagus), 
stomach, small intestine and large intestine; the alimentary canal is 
lined throughout with soft mucous membrane. 
1n the mouth are found the teeth, tongue and digestive glands. The 
palate, or roof of the mouth, is composed of the hard palate, found at 
the front, and the soft palate found at the back . , 
The teeth are used for chewing the food into small bits, which pre-
1. The Human Mechanism, Hough and Sedgwick, page 100 
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pares it for the action of digestive fluids. This process is called 
mastication. 
The mouth of an adult consists of thirty~two teeth, sixteen be-
low and sixteen above. In each lRlf jaw beginning at the front, there 
are eight teeth: t wo incisors, one canine, two bicuspids , or pre-mo-
lars, and three molars. 
Each tooth has three parts: the crown, the part above the gum, 
the neck, a constricted part at the edge of the gum , and the root or 
roots, by which the tooth is fastened into the jaw bone. A tooth con-
sists of a hard body, at the center of which is a pulp cavity filled 
with blood vessels and nerves which enter the cavity by a small opening 
at the base of the root. The main part of the tooth is made up of 
dentine, a hard substance surrounding the pulp . In the crown the den-
tine is covered vdth enamel, the hardest substance of all. 
There are three main essentials in the care of the teeth: diet, 
, avoidance of mechanical injury, and avoidance of chemical and bacterial 
injury.1 The diet should contain enough vitamins and minerals to keep 
the teeth in good health. Mechanical injury can be avoided by not 
biting hard or sharp substances • . Une should brush his teeth three times 
a day, directly after each meal and see a dentist at least t wice a year. 
When the food enters: the mouth, it ischewed and moistened with 
saliva, which includes an enzyme which changes the starch of the food 
into sugar. Digestion in the mouth consists of (1) the mechanical 
process of chewing (2) physical process of moistening, and (3) chemical 
process the chief part of which i s the conversion of starch into sugar . 
l. Essentials of Biology, W. H. D. & L. II-Ieier, pages 352, 3 
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The cavity back of the mouth, or pharynx, has seven openings : 
one to the mouth, one to theffiophagus , one to the windpi pe, one to 
each ear, and tvro to the nostril s . Food ie transferred from the mouth 
to the stomach by means of a series of movements. It is thrust down 
the esophagus by a travelling contraction. As the food enters the 
stomach, it is prevented from rett<rning to the esophagus by means of 
a car diac valve. When the stomach is filled, it holds from three to 
five pints of material. 'fhe walls of the stomach are muscular and allow 
the organ to accommodate itself to varying quartities of food . The in-
ner surface of the stomach is lined with a mucous membrane , crowded with 
gl ands which pour out a clear, thin, colorless liquid knmvn a s gastric 
juice. The most important constituenwof gastric juice are (1) pepsin, 
an enzym~and (2) hydrochloric acid . As the food material is brought 
in contact with the walls, it is thoroughly mixed with the gastric juice. 
The pepsin digests the protein material, while the hydroc llioric acid has 
an antiseptic action upon the contents of the stomach. 
The stomach narrows at the right to form the small intestine--
a thin walled tube from t wenty to thirty feet in length, extendi ng by 
a wi nding course f rom the stomach to the large intestine. The intestine 
1 i s covered with a l ayer of thin tissue called peritoneum. The inner 
layer of the smil intestine is lined with minute projections called 
villi. The entrance of the stomach to the small intestine is protected 
by a valve (pyloric) which prevents the food from reentering the stomac h 
after reaching the small intestine. · During the proces s of di gestion , 
the cardiac end of the stomach makes no movements but merely keeps up a 
steady contraction and thereby exerts a moderate pressure upon its con-
l. What You Should K..llQ1LAbmrt Healt.h..nnd..Disease, H. 1· . Haggard, page 36 
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tents; the pyloric portion executes, from a very early stage of diges-
tion and throughout the whole proces~a series of contractions which 
gradually brin·g about a thorough mixture of the contents and rub down 
the softened food into smaller and smaller masses. The contents of 
the pyloric end of the stomach are known as chyme. 
The amount of time that food remains in the stomach depends upon 
the type of food eaten and the small meal will usually remain in the 
stomach from one to four hours; a heavy meal, six to seven hours. 
In the small intestine the bile, the pancreatic juice and the in-
testinal juice are poured over the chyme. The three juices are se-
creted by the liver, the pancreas and the intestine respectively. The 
pancreatic juice is a strongly alkaline liquid and when mixed with the 
chyme, neutralizes it. The pancreatic juice also converts starch to 
maltose, proteins to simple soluble proteins (amino acids) and fats to 
fatty acids and glycerol. The bile contains no enzymes of importance in 
digestion. It is partly an excretion, some of its consti tuents being 
waste products which are poured into the intestine to be discharged later. 
The bile helps to prepare fats for digestion and absorption. It makes the 
f~tty aids formed more soluble.l The intestinal juice contains two kinds 
of enzymes, one acting on protein and the other on carbohydrate material. 
The former juice contains the single enzyme erepsin which splits the . pro-
ducts of gastric and pancreatic digestion into very small amino acids. 
The latter enzymes f{>li t the carbohydrates into simple sugars which can 
be utilized for the body. Here in the small intestines the greater part 
of the digestive process is carried on. 
The ~ood instead of being found distributed continuously along the 
1. The Human MechanisJ!l, Hough and Sedgwick , page 121 
entire length of the small intestine is found in lumps. Constrictions 
pass along the intestine. 1'hus each portion of chyme is carried along 
the intestine at the saJne time being mixed with the juices. As the 
food is digested , the soluble portions are absorbed through the villi, 
into thn blood where it is carried to the various parts of the body. 
ThB l ar ge intestine is f' ive and a half feet in length, ascending 
ha~f' waj' up the right side of the abdomen , crossing to the left a_11.d 
descend:.ng. The first few inches make up the cecum while the remainder, 
the colon. The small intestine empties through a valve into the side of 
the cecum. The large intestine contains no villi, but a juice i s se-
creted here containing a large amount of mucin. During the pas sage 
through the small intestine the digested portions of the food are being 
removed" 
The white blood corpuscles are few in number, free f r om haemoglobin 
and are complete nucleated cells. The chief duty is to keep t he body 
in health, but this is brought about by the destruction of bacteria by 
these cells . 
The plasma constitutes something more than half the volume of the 
human blood . It is very complex solution who s e general composition is 
represented as follows: water , 90 parts ; solid , 10 parts ; :proteins , 
8 parts;i inorganic salts, 1 part; extractives, l part . 
Blood itself can not come in direct contact with the tissues because 
it is f:'.owing i n a closed system of tubes. The places between the capil-
l ary and cells are filled with a color-less fluid, the lymph. All ex-
change between the blood and the cells takes place through the lymph . 
The lymph contains water and substances from the blood and from the cells. 
Waste substances pass from the cells into the lymph. Some material 
passes from the lymph into the capillaries and is carried back to t he 
heart by the veins. The surplus material flows li1to regular lymph, 
vrl1ose cl~els unite to form eventually t wo l ar ge vessels. These veB-
sels empty their contents into the veins near the heart. This sys te.rn 
1 
of lymph vessels iB known a s lymphatics. 
While the indigestible portions are being left behind, the l ar ge 
intestine receives from the small one this li1digestible material . 
Vfuen the l arge intestine becomes sufficiently filled, the bowels act and 
it is emptied. Vvithin the large ll1"testine are found bacteria which some-
times a:>sist in digestine certahl foods resisting the di gestiye juices 
of the :>mall intestine. 
'rhe blood carries absorbed food materic..tls and o:x-ygen to every cell 
o.f the body; it carries the waste products of metabolism away from every 
cell to the organs which e::crete them; and it carries the chemical se-
cretion of glands. Hu..rnan blood consists of a colo:!rless liquid, the 
pla sma 1md solid bodies, the corpuscles. There are t wo kinds of cor-
puscles:: red and white . The red corpuscles are minute di scs with 
slightly hollowed surfaces. They contaLYJ. haemoglobin which gi ves the r ed 
color to the blood . The red corpuscles hecve no nuclei and their main 
.function i s to carry o:x-ygen .from the l ungs to the tissue of the body . The 
haemoglobin carries the oxygen and it also aids in the removal of carbon 
dioxide from the lungs. These corpuscles are formed in the red marrow 
2 
of bones which are rich in ha emoglobin. (Demonstration experiment: 
examine a drop of blood with the high power of' a microscope. To obt ain 
the blood , wind a cord around a finger near t he fir st joint; hold t he 
l. Essential s of Biology , " · H • .u & L. i•leier , page 367 
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point of a needl e in a f l rune a~til it is red . Let t he needle cool and 
then puncture t he f i nger near the bas e of t he nail. Put a small drop 
of blood on as many slides as ar e needed and cover t hem with a cover 
gl ass. J...oook for red corpu scles, white corpuscles and pl asm .) 
The blood circulates through ·be body by means of a syst em of 
clos ed blood vessel s with the heart acting as a double force pump . The 
blood vessels are arteries, ~b1s ru1d capillaries. Arteries are t he 
ves sels which carry blood away from t he heart. Veins always carry blood 
to t he heart. The smaller arter ies are divided into a net vork of hair-
like tubes called capillaries. Thes e capillaries communicate wit.h t he 
veins. Since the blood vessels as they get further from the heart di-
vide up into smaller and smaller vessels, a somewhat high pressure 
is thus required to drive the blood at an adequate r ate through the ves-
sels . 
The human heart~ a hollow, cone-shaped organ about the size of 
the individual's fist. It lies in _the chest, between the lungs . It is 
composed of a l ar ge mass of muscle tis sue divided into separate right 
and left halves. Each half i s again divided into two parts--the right 
auricle, and the right ventricle on one side -with the left auricle and 
t he left ventricle on the other. The muscular walls of the ventricles 
are thicker and stronger than those of the auricles because they send the 
blood outward from the heart, while the auricles are only receiving 
chambers. The walls of the left ventricle are -~hicker than those of the 
right because the left ventricle pumps blood to r•mote parts of the body, 
whereas the right pumps blood to the lungs--only a short distance. 
The heart is enclosed by a sac called the pericardium which i s r eally 
a continuation of its outer l ayer. ~~hat w~ call the right side of the 
is thrown to the front by a spiral t wist of the organ , so we see 
chiefly this ventricle when the heart i s exposed from in rant. The 
left ventricle is thr.om1 behind but the apex belongs to it. The heart 
1 
is supported by clustered vessels and adjacent structures. 
The blood i s in continual circulation and makes the comple round 
of the body in less than a minute. The circulation can be traced from 
any point. There are t wo l ar ge circulations of the blood: t he systemic 
circulation and the ptuunonary circulation. In the former, the blood 
is pumped from t he left ventricle of the heart into the aorta, then 
thr ough the arteries and capillaries to eve~J part of the body from which 
it flows into veins back to the right auricle. 
In the pulmonary circulation, the blood flows from the right auricle 
into the right ventricle and i s pumped through the pulmonary artery to 
the lungs where it is purified. It returns to the left auricle by veins 
and is ready to be pumped through the body again. 
The cmnges in the blood f low through t he skin are effected by 
various conditions such as the amount of cold or warmth, the amount of 
muscular activity, the amount of· fatigue, the amount of sleep , the condi-
tion of the di gestive organs , etc. (Demonstration experiment : obtain a 
sheep's heart f rom a butcher ' s shop and make a thor ough study of it. 
Notice the various parts , the types of muscle, etc.) 
The various parts of a man's body take in oxygen and give out 
carbon dioxide . Respiration is the proces s by which the cells of a living 
organism use oxygen and produce energy. The cells are l ocated a consi -
derable distance from the outer surfaces in some parts of the body. Con-
sequently special organs of respiration are needed to suppl y these cells 
l. Human Physiology, Percy Goldthwait Stiles, page 248 
-. .., 
with air. The organs of' respiration are the right and lef't lungs and 
the air tubes which open into the outer air through the nose passages. 
They are located in the thorax under the ribs. A tube, the bronchus, 
leads f'rom each ltmg to the trachea, or windpi pe, the trachea opening 
into the throat tlrough the larynx or voice box; a flap of tissue , the 
epi glottis, at the opening to the trachea prevents food from entering 
the windpipe while one is eating. In the lungs the bronchi divide many 
times to f'orm smaller tubules each of which ends in an alveolus or air 
sac. The air sacs of the bronchial tubes are bound together by connec-
tive tissue forming the lobes of the lungs . As the blood i s constantly 
giv:ing up carbon dioxide to and taking oxygen from the air of the lungs, 
the air needs to be changed constaDtly. This is accomplished by means 
of breathing which is merely an act of ventilation of the lungs. 
In the human body, the pleural cavity is enlar ged during inspiration 
by the contraction of the diaphragm and the elevation of the ribs. The 
elevated muscles pull upward on the ribs and the attachment of the ribs 
to the vertebral column and breast bone is such that when they are rai s ed, 
the diameter of the thorax is increased f'rom side to side. As the brea th 
is taken in, the diaphragm is enlarged . Air breathed in throue:h the 
nose reaches t he lungs and the oxygen L~ the air passes through the thin-
walled blood vessels into t he blood. The runount of OA~gen consumed by the 
cells of the body depend on the amount of work which they are doing. Every-
cell in the body needs oxygen and the only means they have of obtaining 
it is by the blood . The oxygen is used in the oxidation of f ood materials 
i n the cell for the purpose of providing energy . 
Suffocation results when the air supply to the body i s shut off. 
This may be caused by drowning, by electric shock or by inhaling smoke or gas. 
lf .respi ration has stopped, t he met hod of resuscitation i s t o ~nitate 
the movements of br eathing so that t he suff ocated person may get the 
fresh ai r int o his l1u1gs and the bad air out . Tlus is knovm as artifi -
ci al respi ration . 
When the villi have assimilated the food constituents, there are 
always waste substances remaining. The most abundant waste product 
is a gas (carbon dioxide) and is excreted by the lungs. Some dissolved 
solids are excreted through the skin. A number of organs perform this 
duty of removing the waste products but the chief organs of excretion 
are the lungs, the kidneys, the large intestine and the skin. Of th~se 
forms the lungs and kidneys are the most important. The kidneys give 
off urea, uric acid, salts, water and other compounds. Certain consti-
tuents of digestive juices which are waste products together with cer-
tain nitrogenous compounds ar~ given off by the intestines. The skin 
also removes urea to some extent. The kidneys are placed one on each 
side of the spinal column, bean-shaped, weighing about one-quarter 
pound. 'They are brownish red color and are covered with a firm capsule 
of connective tissue; a duct, the ureter, runs from each gland t o the 
urinary bladder which leads to the outside through a tube. The kidneys 
are supported by layers of connective tissue which run along the back . 
The ureter widens out like a funnel at the point of attachment. A 
space is hollowed out inside the kidney to accommodate this widened end. 
A large number of minute tubes open into this space, or pelvis as it 
is called. 'Ihe kidneys must be in perfect operation in order that the 
body may function properly. Otherwise the body would soon be poisoned 
throughout the whol e systen. The kidneys usually secret e about three 
------, ,-----------. 
pints a day but this amount may be increased by exercise, nervous excite-
ment, exposure to cold climatic conditions or the drinking of an abun-
dance of fluid. It a.lso depends on (1) the supply of water in the body 
(2) the volume or pressure of blood passing through the kidneys, and 
(3) the activity of the processes of the kidneys.1 The ureters are 
slender tubes ten to twelve inches long. The urine is carried through 
the ureters in drbps by a movement of the walls analogous to that which 
carries the food through the intestines. The bladder acts as a reservoir 
for the collection of urine and allows its ejection at convenient inter-
vals. 
The skin is made up of two layers (1) the outer layer, the epider-
2 
mis or cuticle; (2) the inner layer, the dermis or cutis. The dermis 
is richly supplied with blood vessels, lymph, and nerves, while the epi-
dermis contains no blood vessels, but consists of numerous layers of 
cells. The outer layers are dead, but the inner ones are living and 
are being contantly replaced by the growth from the inner layers. 
The sweat glands as already mentioned help to maintain the tern-
perature of the body by giving off perspiration. Perspiration is con-
stantly taking place because of the liberation of heat, caused by oxi-
dation of the food in the tissue. 
In the lower forms of animals we have studied the nervous system. 
The nervous system of man is more highly developed and consequently man 
is superior to all other animals. The brain and the spinal cord with 
its many branches constitute the nervous system. The unit of the ner-
vous system is the neurone which is made up of a nerve cell and its 
branches. These neurones are found both in the brain and the spinal 
1. What You Should Know About Health and Disease, H. W. Haggard, p. 243 
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cord. Projecting from each cell is a branch, varying in length. The 
nerve fibers p~ecting to the feet are very long, while those of the 
face are short. These fibers may be covered with a f atty white sheath 
known as the medullary sheath which protects it. A bundle of these 
fibers mruce up a nerve. Each fiber either terminates in a nerve cell 
gr in an end organ which is sensitive. These end organs are found 
throughout the body in the skin , in the muscles, etc. The brain is 
composed of three large parts: the anterior part, or cerebrum, a 
posterior part, the cerebell~ and the medulla oblongata.1 The cerebrum 
controls all the voluntary acts which do not need outside stimuli. 
The cerebellum gives stability and balance to the body. We keep our 
center of equilibrium by means of the cerebellum. In t he medulla obl on-
gata are found the nerves of taste and hearing. Twelve pairs of nerves 
are given off from the brain and these are known as the cranial nerves. The 
o~nerves all lead to the spinal cord which in turn gives off thirty-
one pairs of nerves leading to the various parts of the body. The ~pi­
nal cord also has charge of the relfex actions which are carried out 
without communication with the brain. If a person accidentally places 
his finger on a red-hot stove, the finger is drawn away immediately. This 
unconscious response is known as reflex action. The stimulus is carried 
to the nerve cell in the spinal cord by a nerve fiber. The nerve fiber 
transmits an impulse to the arm muscle to pull the arm away. Many other 
st~uli may occur after the reflex action. 
Outside the spinal cord is a double row of nerve cells which are 
known as ganglia. ·rhese ganglia regulate the coordination of the action 
of the heart and the blood vessels, the digestive organs, the glandular 
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secretions, etc, or all the internal organs whose action is involunta-
ry. This group of nerves make up the sympathetic or autonomic 'ner-
vous system and it is essential that these nerves are in proper work-
ing order. Otherwise the bodily health of the individual will be im-
paired. The nervous system of the body is continually using energy 
and for that reason, needs repair which takes place during rest and 
sleep. Sometimes by changing one's occupation, a new set of nerves will 
be brought into use. By this means it is possible to rest a set of 
nerves which have been operating over a period of time. However, the 
most complete repair and rest comes during sleep • . 
Some of the nerve fibers end in special sense organs. For in-
stance the auditory nerve has its end organ in the middl e ear, the op-
tic nerve in the eye, etc. Senses are necessary for us to obtain know-
ledge of our surroundings. The sense of touch gives us information con-
cerning objects with which the body comes in contact, the sense of 
taste informs us of necessary foods, etc. Sensations however do not all 
relate to the outside world. We are aware of the position of our 
hands_, feet, etc. 
The perception of any sensation depends upon (1) t he organ upon 
which the source of energy (light, sound, etc.) acts, (2) the nerve 
which leads from the receptive structure to the brain and (5) the parti-
. . 1 
cular area of the brain to which this nerve is conn~cted. The senses 
are sight, hearing, touch, taste, and smell. 
By means of the sense of taste, we learn·the character of solids 
and fluids taken into the mouth; by the sense of smell, the odor of 
the substance. The organs of taste are located largely on the tongue. 
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The tongue is dotted on the edge and back with small papillae open 
to the surface through small pores and containing in each a nerve end-
ing. These are capable of recognizing only four characteristics, i. e. 
sweet, bitter, acid and sour. All other tas~e sensations, and these 
include the "flavors" of foods, arise from the sense of smell. The 
nose is in communication with the throat and the odors can pass upward 
from the back of the mouth to the olfactory area. For this reason we 
often believe we are tasting certain flavors while in reality we are 
smelling them instead. 
By the sense of hearing, we become aware of the vibrations within 
our range of hearing. The sound travels in waves which strike our ear, 
which in turn, is adapted to receiving vibrations and transmitting them 
to the brain where they are interpreted. The ear has three parts: the 
outer ear, the middle ear, and the inner ear. The outer ear is an air 
passage leading to the eardrum, or tympanic membrane, at the entrance 
to the middle ear. Glands in this passage secrete wax to protect t~e 
drum. The middle ear is filled with air which is separated from the 
outer ear by the tympanic membrane. The cavity of the middle ear is 
known as the tympanum. This cavity communicates with the throat or 
pharynx by means of the Eustachian tube. The air in the cavity is un-
der the same pressure as that of the atmosphere without. This cavity 
also leads to a network of spaces in the forehead known as the sinuses. 
•assing directly across the tympanum fr~ the drum on its outer side 
-to the cochlea on the inner side, are three small .bones, the ear ossicles 
(hammer, anvil and stirrup). These bones are bound together by means of 
ligaments and are so arranged that when sounds set the tympanic membrane 
• 
in motion, this vibration is carried by the ossicles to the cochlea. 
The inner ear consists of a system of small bony spaces and tubes, known 
as the bony labyrinth, within which lies a membranous labyrinth. The 
lining of the membranous labyrinth js of very sensitive cells, and be-
t ween these cells are the endings of nerve fibers which connect the 
ear with the brain. These cells receive the vibra1ons which have been 
transmitted across the tympanum by the ossicles and carry them to the 
brain to be interpreted.1 
Sight is one of the most highly specialized senses. The eye is 
essentially a living camera in which by use of ~ the l .ens an image of the en-
vironment around us is formed upon the retina. The upper and lower lids 
of the eye, together with the lashes and the eyebrows, protect the eyes. 
The eyelid is lined with a mucous membrane called the conjunctiva, which 
forms a transparent covering overthe front of the eye. The eye is lu-
bricated and kept mdst by the glands on the edge of each lid and by the 
lachrymal or tear glands which are found under the upper lid. The eye-
ball is made up of three coats: the outer, or sclerotic; the middle, 
or choroid; and the innermost, t he retina. The white of the eye is the 
sclerotic coat and is composed of a protective covering of tough tissue 
except for the transparent part in front known as the cornea. 
In the front of the eye in the region of the cornea, the choroid 
forms the iris, which may be blue, brown, gray, black, hazel, etc., giv-
ing a coloring t o the eye. In the center of the iris is a hole, or pu-
pil. The third layer, the retina, contains the nerve endings of the op-
tic nerve which are sensitive to light. When the impulse strikes there-
tina, it is transmitted to the brain. uust back of the pupil is the lens, 
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which brings the object into focus so that a clear image can be ob-
tained on the retina. The chamber in front of the lens is filled with 
a watery fluid known as aqueous humor. The chamber behind the lens 
is filled with vitreous humor, a transparent jelly-like fluid. There 
are muscles in the eye which give to it the ability of adjustment so 
it can see objects both near and far. Rays of light falling on an ob-
ject stimu1te the eye. They pass through the pupila and are brought to 
a focus by means of the cornea and the lens. The nerve endings in 
the retina are. stimulated and the optic nerve transmits the stimulus 
to the brain.1 • 
uommon defects of the eye cause near-sightedness, far-sightedness, 
astigmatism, and color blindness. Usually the first three defects can 
be corrected by the wearing· of glasses but color blindness can not be 
corrected. Eyestrain may be indicated by such symptons as headache, 
dizziness, nausea, etc. Such conditions call for rest and relaxation 
and if they persist, an oculist should be consulted. If the eye be-
comes inflamed, a weak solution of boric acid has a soothing effect. 
As life is carried o~ the tissue are continually being broken 
dowri and built up. This metabolism as it is called, requires material 
to carry on its work. This material is taken into the body in the 
form of food. Food serves us in many ways, the chief ones being: 
1. Power for activities of muscles, heart, etc. 
2. Heat for the maintenance of body temperature 
5. Growth and repair of the cells 
4. Secretions needed by the body 
5. Reserve material to be stored up for emergencies. 
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The energy value of foods is commonly indicated by heat units 
known as calories. A calorie is approximately the amount of heat re-
quired to raise one pound of water fou~~ees Centigrade. The num-
ber of calories needed by an individual varies with his age, size, 
shape atfd occupation. Approximately twenty-five hundred calo-
ries are needed by an ordinary individual during the day. However, 
· a ·wor king man may expend from three to four thcusand calories during 
the day. When considering and making our diet, we mus t also take in-
to consideration the other needs of the body, such as t he process of 
I growth. The number of calories in foods are measured by means of a 
calorimeter. A" weighe'd amount of food is placed in a bomb surrounded 
by a definite amount of water. The food is burned, and the change in 
the temperature of .the water determines the caloric content of the food. 
When food is plentiful, we usually have :p.o trouble , obtaining 
the necessary requirements but when there is a limited supply of cer-
tain kinds of food, when some foods are very expensive, or when food 
is prepared in such a manner that many of its natural elements are des-
troyed, careful at t ention must be given to the preparation of a food me-
nu. Otherwise the body vnll fail to re~eive its necessary requirements • 
• 
Again much money can be saved by careful selection of foods. Apples 
in the winter may be so expensive that they are purchased as a luxury, 
while in the summer they may be quite inexpensive. The cost of food 
varies with the season, and at the same time, the locality where the 
food is bou~t makes a vast difference. 
In the early periods of civilization it is believed that man ate 
his food raw. ~Vi th the discovery of fire, he ate charred foo and the 
method of preparation followed the path of the development of fire. 
Now we eat the majority of our foods cooked and the advantages of this 
are that they soften the tissues, improve the flavor, and break down 
the cellular structure so that the starch grains and other nutrients are 
released more easily; also parasites and products of bacteria are destroyed.1 
Most of our foods should be roasted, broiled, boiled or baked and 
not fried because in the frying of food a layer of fat is formed over the 
tissue. Fat resists the action of digestive juices and therefore the 
:foods are difficult to digest. 
While we are perspiring, the secretion of gastric juice is seriously 
impaired unless excessive amounts of water are drunk. For this reasonm 
smaller meals should be eaten in hot weather than in cold, and heavy meals 
should not be eaten directly after vigorous exercise. In the process of 
digestion, our nervous system is needed to a considerable extent. It 
is not usually wise to eat a heavy meal in the evening because our nerves 
are tired and need a rest rather than exercise. Usually severe mental as 
well as vigorous muscular work should be avoided directly after a meal. 
Besides taking into our bodies foods, salts, water, etc., other materi-
al are assimilated which may change our normal bodily functions. Coffee, 
tea, medicines, etc., fall under this heading. These have an effect upon 
the nervous system and are dangerous because (1) they are usually taken 
into the body to perform some function which the body should ordinarily 
perform under the proper conditions. If the body 2s incapable of perform-
ing this function, it should be given a rest and not whipped as a tired 
horse, by means of a drug. (2) Usesof drugs are usually imperfectly under-
stood. Sometimes a doctor will use a drug for an immediate effect but 
·when the ordinary individual uses them there is a danger of continual un-
1. Essentials of Biology, W.H.D.~. Meier, page 345 
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natural functioning resulting in the formation of a drug habit. (5) We 
are apt to become slaves to drugs and the body can not function ordinarily 
without them. There are people who are slaves of candy, coffee, tea, etc. 
(4) ·rhe drugs fail to give to the body any :tood value, a.?J.d are coneeq-q.ent-
1 ly of no use to it. 
Tobacco contains a narcotic poison called nicotine. Excessive use 
of tobacco may cause distrubance of the blood pressure, rapid heart action, 
shortness of preath, palpitation of the heart, and pain in the region of 
the heart. The use of tobacco is a hindrance both men tally and physically_, 
and should always be avoided. 
Alcohol must be considered as a drug and should never be taken un-
less prescribed by a physician. Usually alcohol will depress rather than 
stimulate the powers of the body. If the use of alcohol is continued 
habitually, the result is a complete breakdown of the nervous system, in- ' 
jury to the heart, irritation of the stomach lining, etc. The dangersof 
alcohol are similar to those of all drugs. 
Opium, morphine, are other examples of drugs which usually result 
in the wrecking of the individual's body and life. These are strong drugs 
and slow the rate of heart action. Soon the patient can not do without 
them. Such drugs should always be avoided and never taken unless prescribed 
by a careful physician. 
As we have studied in Biology, nearly all bacteria are useful and 
much discomfort would result without them. But there are certain kinds of 
bacteria which cause disease and destroy life if not checked. Many of our 
most fatal diseases are caused by bacteria and within a comparatively 
short time we have been made to realize this. Before we can hope to check 
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a disease, we must know the cause of the disease. Then we can prevent 
the disease by removing the cause if discovered in time, or by putting 
the body in such a condition that it is impossible for the bacteria to 
affect it. Bacteria are usually transmitted by other human beings who 
carry the disease, or by animals who have it, or by conditions of the 
surrounding environment. 
Louis Pasteur (1822~1895), a famous French biological chemist, and 
Robert Koch (1845-1910} a famous German physician, discovered that ty-
phoid fever, small pox, cholera, tuberculosis, "colds", chicken pox, were 
caused by small parasites or microbes which attacked apparently healthy 
persons and caused illness. Each of these diseases has it~ own microbe. 
This is the germ theory of infection and contagious disease. An infec-
tious disease is one which is caused by the invasion of disease germs from 
without. A communicable disease is one which can be "caught" by the 
transmission of the cause from one individual to another, while a noncommu-
nicable disease is one which can not be transmitted, such as diabetis, 
heart disease, old age, etc. 
Microbes are "all forms of life, whether plant or animal, invisible, 
or barely visible to the naked eye. n1 
Tuberculosis is one of the common diseases caused by parasites or 
microbes. The name, tuberculosis, was given to the disease because of 
little nodules or tubercles found in the lungs of persons affected with it. 
The bacillus tuberculosis is a small micro-parasite causing the disease. 
It can only be spread by (1) personal contact with person affected (kissing,et~, (~ 
by objects handled first by consumptives and then by susceptible non-
consumptives, l~) by dust containing the sputum of a consumptive, (4) by 
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milk or meat of tubercular animals, {5) by the moisture of the breath 
thrown out by the consumptive.1 
Cows are now being tested for signs of tuberculosis and those in-
rected are immediately killed and their tissue destroyed. Up to the 
present time, there has been discovered no cure for the disease. The 
patient is given a complete rest, plent of fresh air and food, and other 
favorable conditions. Tuberculosis proves fatal in many cases, but this 
is not usually necessary because the patient if properly treated aan be 
helped, and his life prolonged many years. The bacillus tuberculosis 
is usually of very slow growth and confined to one spot. The patient feels 
"run down" but beyond this he has no other outward symptons. If he is 
treated correctly and given the necessary conditions mentioned above, 
there is no reason why he should not enjoy happiness. Sanitariums have 
been established throughout the world for the treatment of the tuberaular 
cases. It is usually not possible to treat the patient at home, success-
fully. It is important that the patient recognize the early stages of the 
disease. A run-down condition when accompanied by a steady loss of weight 
or rise of temperature is suspicious even when there is no cough. Some 
individuals are in a state to resist the development of such a disease 
and are said to be · immune. Immunity is of two kinds: natural and acquired. 
Within the blood of certain individuals is found a substance which neutral-
ilea the poison produced by specific disease germs. Such a substance is 
known as antitoxin. There are two . kinds of acquired immunity-passive 
and active. Immunity is passive when antitoxins, which are usually taken 
from animals, are injected into the blood. Herein the immunity is not 
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permanent because the material injected are expelled from the body in 
a short time. Active immunity may be brought .about by an attack of the 
disease or by the injection of the living or dead germs of a disease. 
The length of the time of immunity is not the xame for all diseases. 
Diphtheria is a respiratory disease and is caused by a small microbe, 
bacillus diphtheria . which lodges in the throat of a susceptible person, 
growing, multiplying and secreting a poisonous subs t ance or toxin which 
causes the formation of white spots and damaging the rest of the body, 
resulting in fever, paralysis and in some cases death. Diphtheria is 
spread in the same way as tuberculosis. The treatment for diphtheria con-
sists in injecting into the patient antitoxin which will counteract the 
poisonous effect of the toxin produced by the baccillus diphtheria • . A 
horse is generally used for the production of the antitoxin. When it is 
given repeated doses of toxin, it produces anti toxin. By means of the 
Shick test, it is determined whether there is sufficient diphtheria an-
titoxin in the blood to make one immune to the disease. This is done by 
inserting a very small amount of diphtheria toxin into the layers of the 
skin. If he is immune to the disease there is no reaction, but if he 
is susceptible,. the skin becomes inflamed and soreness results. 
Typhoid fever is an alimentary, or intestinal disease. It is caused 
by a bacterial parasite known as bacillus typ~. The symptons appear 
within one or two weeks after the infection. Usually the disease comes 
on gradually; the patient feels ill and toward the end of the first week 
is forced to his bed. Red. spqts appear on the skin. The bacteria act 
upon the mucous membrane of the small intestine and cause ulcers, and the 
result may be perforation of the walls of the intestines. They may also 
escape into the blood and infect other parts of the body. The Widal 
test determines whether a person has typhoid or not.. A drop of blood 
is taken from an individual suspected of having the disease. This blood 
is brought in contact with typhoid bacilli under a microscope. If the 
disease exists in the man, the bacteria cease to move but form in clumps; 
if the disease is not present, the bacteria are unaffected. The mortali-
ty is approximately 10%. 
Typhoid may have many causes. Usually unsanitary conditions and 
carelessness are the two chief causes. The bacillus may be spread in 
water or milk. Usually after a flood, typhoid fever will appear because 
of the contamination of the drinking water. Education and proper sanita-
tion are the two -chief preventatives. Immunity can be induced artificial-
ly by injecting dead typhoid bacilli beneath the skin. ,. 
Small pox is a skin disease, usually fatal to children. This disease 
existed in China many centuries before the Christian era. Persons ex-
posed to small pox, unless they have had the disease or are protected by 
vaccination, are almost invariably attacked. The symptons are usually 
intense headache, severe pain in the back, high fever, ~d red spots which 
develop in to pusi:ules. In small pox as in other diseases, wholesome li v-
ing diminishes the danger of infection. However, an individual may become 
immune by one or two methods: inoculation and immunity. Inoculation is 
injecting in to the person while in good health, virus of true small pox 
so as to have the individual undergo a mild attack of the disease while 
in good health instead of undergoing a severe attack, in poor health. 
Cow pox is an eruptive disease of cattle which is transmitted to per-
sons handling the cow. A peraon once having this is immune to small pox. 
A person vaccinated for small pox has a spot, usually upon the upper arm, 
scraped ~~th a lancet so that the epidermis may be removed. Then the 
spot is rubbed 1Ji th a quill carrying virus from cow pox. A mild illness 
results, but it is much milder than small pox and death very rarely occurs. 
Rabies is a disease transmitted to human beings by the bite of in-
· fected animals, usually dogs and cats. The disease once developed always 
ends in death. The virus is present in the animal's saliva. It is a 
disease of the nervous system; the virus travels along the nerves to the 
spinal cord and brain, but not through the blood. Rabies can be eradicated 
by the muzzling of dogs and a quarantine on all imported animals. 
Individuals often are poisoned by eating certain foods. These poison-
ings are of three types (1) those caused by the presence of living bacteria 
in the ~gestive tract, (2) those caused by ptomaine poison resulting from 
bacterial decomposition of foods, and (5) those caused by toxins--secretions 
1 
of bacteria. 
Colds are said to be "caught" and this is true because there is no 
doubt but that colds are caused by microbes. Colds may be prevented by 
being warmly clad, the living and sleeping rooms being warm but well venti-
lated, the body in a healthy condition, and dry and clean at all times. 
Very often a cold is a serious matter and may develop into pneumonia. 
Colds should be avoided because they seriously interfere with our working 
power and dispositions. They may develop into a more serious illness, and 
1 
they have a tendenc.y to become chronic. 
As already stated, many diseases are transmitted by insects, such, 
as malaria by the mosquito, typhoid fever by the house fly, etc. The 
latter gloats in the manure pile or decaying animal and vegetable matter. 
1. The Human Mechanism, Hough and Sedgwick, pp 587, 588 
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A single female fly may lay about six hundred eggs during its lifetime. The 
eggs are small, white and spherical, laid in clusters. They hatch in about 
twenty-four hours. The larva, or maggot, grows rapidly, the pupal stage 
being a rest period of a few days, after which the case breaks open and the 
adult fly emerges. The body and legs of the house fly are covered with 
many bristles and hairs. Each foot has two little pads whith many tiny 
hairs. These pads secrete small drops of a sticky fluid which enables the 
fly to walk on the ceiling. The germs cling to the hair and are transmitted 
from place to place. 
The house fly may be controlled in three ways (1) by eliminating its 
breeding place, (2) by destroying it, and (3) by keeping it out of the 
house. 
The mosquito is a close relative to the fly. The common house mosquito 
rarely carries disease, but its bite causes an annoying itch. One type 
of mosquito carries the yellow fever germ and another, the malaria germ. 
The mosquito is a blood sucking parasite. The eggs are laid in water, in 
boat-shaped clusters, and hatch into larvae or "wigglers". The "wigglers" 
breathe through a small tube which they project at intervals above the sur-
face. After about a week, the larvae pass into the pupa stage from which 
the adult mosquito emerges a day or two later. Mosquitoes usually breed 
in stagnant pools, ponds, ditches, and marshes. .Malaria is caused by a mi-
croscopic animal parasite or plasmodium. The plasmodium lives and breeds 
in one variety of mosquito, the anoph~les. It is transmitted to man by the 
bite of the mosquito. Then other mosquitoes bite the man and become in-
fected. The plasmodium, it is understood, does not impair the health of 
the mosquito. The attack commences with a chill. The chill lasts from a 
few minutes to an hour. The temperature of the body rises, the skin becomes 
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hot, followed or accompanied by a violent headache and intense thirst. 
In temperate climates, malaria is not often fatal, but inver.y hot climates 
the death rate runs very high. Quinine is a drug which kills the malarial 
plasmodium in the blood of the patient. The prevention of malaria is 
best effected by the eradication of the anopheles mosquito. 
Yellow fever is an acute disease in which the skin often is yellow, 
caused by bile. Like malaria, the disease is transmitted by a mosquito--
the stegomyia calopus. The .organism which produces yellow fever, like 
the malarial parasite, does not appear in the secretions of the body. 
The control of yellow fever depends upon the isolation of the cases from 
mosquitoes to prevent .the infection of the insects and upon the eradica-
tion of the mosquitoes. The stegomyia calopus breeds in cisterns, garbage 
cans, roof gutters, rain barrels, water pitchers, etc. 
Many other diseases are transmitted by insects ~d I have endeavored 
to give but a brief description of some of the more important. 
The reasons for bathing are expressed all in one word: cleanliness. 
The sweat glands pour upon the skin secretions which remain there until 
washed away by batPing. A person must be clean to be happy and refreshed. 
Filth and dirt are carriers of disease. 
The types of bath are as follows: the indifferent bath which is 
neither hot nor cold answers the purpose of cleansing the body; the 
hot bath when used alone is not advisable--a prolonged hot bath removes 
too much oil from the skin, and opens its pores which should be closed 
immediately afterwards by a cold bath; a cold bath is stimulating to the 
nervous system but should always be followed by a vigorous "rub down". 
The hygienic reason for wearing clothing is to aid the body in keep-
ing a constant temperature. Clothing is really a portable house. Any 
material whose texture permits the air warmed by the skin to be re-
placed quickly and easily by colder air is considered as favorable for 
warm weather, and any material which prevents the warmed air to be replaced 
by cold air is considered favorable for cold weather. The rate at which 
clothing transfers heat depends upon the air space and amount of air be-
tween the meshes of the material. ·~erefore wool is warmer than cotton. 
Clothing should be made so as to transmit perspiration away from the body. 
Clothing should not be too heavy or it will interfere with the body move-
ments. For this reason, a very close weave is objectionable except in 
windy weather because the weave gives great weight, but with small air con-
tents. The clothing worn next to the skin should care for perspiration. 
Woolen underwear is fine for people who are old and obtain but a very small 
amount of exercise, but for healthy people, cotton and linen are found to 
be satisfactory for underwear. The outer clothing should be adapted to 
the needs of the individual. In hot summer weather, it should be as porous 
and ·permeable as possible, while in winter, it should not be too thick, 
but warm and protecting. 
A house may be considered as a shell or outer clothing. The house 
, . 
should have pleasant, favorable site and pleasing environment. The house 
should be placed upon open, porous soil where there is every possibility 
for good air, a dry cellar, good light, abundant sunshine, amd good drainage. 
The house should be strong, well ventilated, water proof, wind proof, and 
warm. It should be kept clean at all times, otherwise it will become a 
breeding place for bacteria. When heating the house, care should be taken 
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to have an economical method and at the same time, clean and hygienic. 
The open fireplace is still being used to some extent and is found to 
be satisfactory in early spring or late autumn, to take the chill off. 
Stoves are superior but there is always the danger of dust and dirt be-
cause no stoves are air-tight. Hot air furnaces are enclosed stoves in 
the cellar. This is a convenient, economical and popular method of 
heating a house and supplies air to all the rooms. Oil stoves, gas stoves, 
and electric heaters are being used. 
Much disease has been caused by l ack of fresh water. The water 
should be plentiful. So often water is obtained from streams, brooks, 
old wells, pools, etc., and such water is usually not pure. It has flowed 
over the surface of the earth and is contaminated with the filth. Springa 
are usually sources of pure water but when they are around barn yards, manure 
piles, etc., they are not pure because the material usually seeps into 
. 
the water. Water often becomes contaminated because of improper care and 
disposal of sewage. · Containexsshould be available into which the garbage 
can be carried away and burned. Usually there is little troubie from this 
in the city, but in· the country, there is inadequate facility for such 
disposal. 
When one is building, renting or purchasing a house, much thought 
and consideration should be given to each of the above factors, and the 
needs, of course, vary with the individuals. 
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PSYCHOLOGY 
P~chology is an extension of scientific investigation which 
has gradually grown out from other scientific fields. It was known 
as Philosophy in the early days, but time has gradually drawn a line 
of demarcation between the two until now they are far apart in some 
instances, although adjacent ~ others. Psychology stands between 
Physiology and Sociology, Physiology telling us of the structure and 
workings of the various parts of the individual and Sociology explain-
ing institutions, religions, customs, etc. concerning him. Here are 
two distinct studies, Psychology taking its place between, explaining 
the activities of the individual as a whole, his behavior, reasons for 
it, etc. 
Before an individual can really hope to find himself in life, 
he must diagnose himself, understand what he does as a self. Therefore 
it is the aim of this course to assist the student in orientation. 
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PSYCHOLOGY 
Psychology derives its name from psyche, meaning soul and ology, meaning 
study of. 
Since the formation of the word, Psychology, its meaning has 
changed and we may now consider it to be the study of behavior. Usually 
this behavior is considered as human behavior but this is not always true 
because lower animals are also studied and a comparison as well as con-
trast is shown between each form. Psychology as an individual science is 
comparatively young-fifty years old-and has been a part of religion, 
philosophy, history and logic in the days gone by. There are various 
methods of studying this science, the cr.ief one being the experimental 
method which is considered the best method, where possible to be used. Here 
the individual is studied under a set of conditions which he would be con-
fronted with in every-day life. Here the individual's reactions are care-
fully studied and analyzed. Various tests may be given, the results inter-
preted and compared with other individuals of the same environment, family, 
etc. We also find the genetic method being used. We see before us a luna-
tic, who at one time was an apparently normal individual. Why is he now 
as he is? Is there insanity in the family? It is the psychologist's task 
to lnd out the reason for this emotional upset. He studies the case history 
of the individual and with that as a basis, attempts to find the reasons. 
About 1890-1900 we find an active and agressive group of psycholo-
gists, disputing and disagreeing on some points, agreeing and harmonizing 
on others, beginning to study the child, the animal, and the abnormal per-
son as well as the standard adult. In theory, the psychologists of 1900 
subscribed to the definition of psychology as a study of consciousness, 
but in practice they were studying performance as well. Schools were 
started which disagreed with each other. The Behaviorists are a group 
who object to psychology as a study of consciousness, but believe that the 
individual should be studied as to his own activities, and analyze there-
from--introspection. Others agreed with this theory so far as it went, 
but did not believe that the study of the self or introspection was the 
final word. Those who had to do with abnormal mentality and maladjusted 
individuals believed that the real study of psychology was precisely the 
unconscious. This is the psychoanalysis school. There are also other 
schools: the purposivist school which stresses the importance of purpose, 
striving and goal seeking. This school raised the question as to whether 
either introspection or the simple methods and ideas of the behaviorists 
are ever going to lead to an understanding of human behavior. The existen-
tialists believe that psychology should stress more the fundamental princi-
ples rather than the reactions caused by them. The school of Gestalt 
psychology, originating in Germany, believe that analysis of either ex-
periences or performances into their elements is a waste of time, but we 
should take an act as a whole and study it rather than analyze it. 
Suppose we were to assemble a world's tournament or Olympic contest 
for all the world's leading psychologists~ which would we invite, for at-
tention? 
Wilhelm Wundt was born in 1852 and in 1879 at Leipzig, founded the 
first active psychological laboratory. He was a philosopher as well as 
psychologist. He believed that psychology has to investigate that which 
we call internal experience, forming the subject matter of natural 
i . 1 sc ence. Wundt stated that the experimental laboratory was designed 
to afford the best facilities for accurate and minute introspection. 
The next psychological laboratory was established at North Cambridge, 
Massachusetts, by William James, another noted philosopher and psycholo-
gist. James wrote Principles of Psychology which includes many discussions 
belonging to philosophy rather than psychology. He stated that Psychology 
is the science of mental life, both of their phenomena and their conditions. 
He believed the phenomena are such things as we call feelings, desires, 
cognitions, reasoning, decisions, etc. 
Professor G. E. MUller, born in 1850, started a laboratory not long 
after Wundt, at the University of Gottingen. He began the study of memory 
carrying on the work started by other psychological experimentalists, the 
chief being Ebbinghaus (1850-1909), spending much time on the curve of for-
getting. 
Professor Edward B. Titchener founded a laboratory at Cornell and 
carried on the work of Muller, about 1900. Abput the same year, Alfred 
Binet, of Paris (1857~1911) followed the same line. Binet had written a 
book on the psychology of reasoning, trusting to logic without finding for 
himself any first hand information. About 1900 he took up his work 
again, this time basing his conclusions about actual thinking. 
Independent of Binet, but probably influenced by the work of Muller, 
a group of German psychologists began at ~he same time a study of Psychology. 
This group centered about Kulpe (1862-1915) a pupil of Wundt, Professor at 
Wurzburg. For over ten years and up to the time of the World War, he and 
his students devoted their time to Psychology. 
1. LecturESO.£ Human~ Animal Psychology, Wundt,page 1. 
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Marbe, a junior colleague of Kulpe sought to describe judging. He 
defined judgment as any response of the subject that could be characterized 
as true or false. 
Watt (1879-1925) a Scotch student in Kulpe's laboratory spent much 
time on this science. 
Titchener (1867-1927) a pupil of Wundt and his leading exponent in 
America, began an enthusiastic study of Psychology. 
John B. Watson, born in 1878, began his career at the University 
of Chicago and continued at John Hopkins. Working at animal and later 
child psychology, he decided either to give up psychology or make it a 
natural science.. This work was carried on about 1910 by William James 
of Harvard, George Trumball Ladd of Yale, and G. Stanley Hall of Clark 
University, all deans of their respective colleges. These people assisted 
in the founding of the School of Behaviorism. 
In 1904, Cattell made a speech in St. Louis on the revision of 
psychology attempting to line it up with biology. Caitell was a student 
of Wundt, and had worked in his laboratory for a number of years. He 
started the psychological laboratories in Pennsylvania and Columbi~. 
W. B. Pillsbury (1872), a pupil of Titchener, published in 1911 
his Essentials 2f.. Psychology which became to a great extent the textbook 
used in American colleges. 
Though animal behavior had been of great interest to the biologists 
from the time of Darwin, E. L. Thorndike, a pupil of both Cattell and 
James, was responsible for experiments with animal instinct and learning. 
When behaviorism was emerging in America, a small group of young 
scientists in Germany, started on a line of thought that revolutionized 
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their conceptions of the aim and method of psychology and that give rise 
to the Gestalt School already mentioned. The three original leaders were 
Max Wertheimer, Kurt Koffka and Wolfgang Kohler. In 1912, these three 
were working together at the Academy, now the Universi~ of Frankfurt. 
Wertheimer was the oldest and seems to be the leading spir it at the start. 
He worked on tests devised to uproot hidden knowledge. Detectives used 
this test to examine people suspected of crime. Koffka had done important 
work on imagery and thought. Kohler has specialized in problems of tone 
and hearing. Kohler and Wertheimer are now at the University of Berlin 
which has become a great center for Gestalt psychology, while Koffka is 
now in America as a research professor at Smith. 
Sigmund Freud was born in 1856 and has lived in Vienna since his 
early years. With him worked Josef Bruer (1842) a Viennese physician, 
who like Freud began as a physiologist and later shifted to medical prac-
tice. These two men were interested in psychoanalysis chiefly. Freud 
states "the psychoanalytic theory endeavors to explain two experiences 
which result in a striking and unexpected matter during the attempt to 
trace back the morbid symptoms of a neurotic to their source in his life 
history: viz, the facts of transference and of resistance.n1 
Just as the Gestalt psychology came into being, William McDougall 
(1871) started intensive study in social ps.ychology and attempted to pro-
vide a foundation for the social sciences. 
These are but a few of the leaders in the field of Psychology. Others 
such as Spearman, Myers, Kreuger, Spranger, Stern, de Sanctis, and Kiesow 
should be studied and compared, time permitting. 
1. The History of the Psychoa.na.J.ytic ~ent s F d 
----' • reu , page 9 
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Since the beginning of time, all animals have needed two fundamental 
functions, those having them have survived, those lacking them have become 
extinct. The first of these is reproduction and the second, self preserva-
tion. At the time that life arose on the earth, the atmosphere was less 
dense than it is now. In the beginning, life existed in very simple form 
and has gradually become more complex. Both the structure and behavior 
of man points to this. Man possesses certain vestigial structures which 
have practically no function now; such organs as the vermiform appendix 
which was at one time an organ of importance. Man also has a set of mus-
cles to move his ears and during the provess of evolution, he has lost 
twelve teeth. The simple type of animal organism is the amoeba which we 
studied in Biology. It is the single-celled organism. Higher up in the 
scale comes the organisms made up of a collection of cells grouped toganer 
in systems, each one tending to carry on and perform some special system 
of its own. There is the digestive system, the circulatory system, the 
respiratory system, etc. In the lower forms of animals where the nervous 
system is little developed, there exists an independence of control of 
each part. The star fish represents this. If a tentacle is cut off, but 
kept within the immediate vicinity of the animal, it continues to carry 
food to its mouth. 
Next in the scale we find the earthworm. In each segment there are 
small groups called ganglia. At the head end are s:evera.l. such ganglia, re-
ferred to as the brain. Here we see the beginnings of a centraJ.ized nervous 
system. Experimentally it has been proved that the earthworm can learn by 
experience. If .two paths leading to food are near the earthworm, one con-
taining an electric Wire and the other with none, after many trials the 
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worm will learn to take the path with none. Next we come to the insects. 
The insects have nerve cells which tend to be collected in three 
or more ganglia, one in the head, one in the thorax and one in the abdomen. 
With the higher development, the nervous system becomes more and 
more complex. In the vertebrates, we find that the nervous system consists 
of two main typesa the older system known as the vegetative, sympathetic 
or autonomic nervous system, and the newer portion which is called the 
cerebro-spinal nervous system. The autonomic system is similar to the 
nervous system of the earthworm. 1t is made up of ganglia found in front 
of the spinal cord and scattered throughout the abdomen and thorax. At 
the upper and lower ends it is joined to the cerebro-spinal. This system 
is divided into two parts--the central portion, ealled the sympathetic, 
is antagonistic to the lower and the upper segments. Hence there are two 
different fibers supplying different organs and muscles. For example: 
stimulating the autonomic tends to contract the pupil, sti mulating the 
sympathetic tends to dilate it. The cerebro-spinal nervous system consists 
of the brain, the spinal cord and the nerves connected with them. In the 
lower forms of animals the brain is q~ite small. It becomes larger and 
larger as we climb the scale. We have already studied its structure, so 
no time need be spent here on that. However, we must realize that in 
man t s development of the brain has been the determination of his supremacy 
over all other animals. Man does not have the largest brain. Both the 
elephant and the whale have a larger brain, and the brain of the rat 
weighs more in proportion to its body than does that of man. 
In nearly all parts of the body axe·glands which have no ducts and 
therefore are called ductless, or glands of internal secretion because 
they pour their secretions directly into the blood stream. Sometimes 
these glands are called endocrine glands. Information concerning them 
has been vague and misleading in many cases, but much attention has been 
given them recently, because it is now believed that they determine 
the individual's physical and mental make-up. The glands most usually 
considered as ductless are the pancreas, sex, parathyroids, thymus, 
adrenal, pituitary, thyroid and pineal. 
The pancreas is a rather large organ which is located in the abdo-
minal cavi~. It secretes certain digestive enzymes which are poured out 
into the small intestine. Besides this, it secretes insulin which has 
to do with the use and storage of carbohydrates in the body. Lack of this 
secretion result s in diabetes. As far as we know, this gland merely af-
fects the physical condition and not directly the mental condition of the 
individual. 
The removal of sex glands af fects the individual both mentally and 
physically. In the case of t he male, the beard refuses to grow, the voice 
remains high. The placing of male glands in hens have caused them to crow 
and act as a rooster. These glands have a definite internal secretion. 
The parathyroids are several small glands located just behind the 
thyroid in the neck. They control calcium metabolism. Attempts have 
recently been made to prove that these glands have not functioned proper-
ly in irritable children because o£ the inabili~ to counteract the poisons 
in the blood stream and to control calcium. However this has not been 
proved. 
The thymus is a rather large gland situated below the iJhyroid. There 
is no definite proof that this glad has an internal secreti on. It has been 
attempted to be proved that an improper functionin g of this gland tends to 
increase development, namely, a person will grow to grotesque size. 
-.LU::> 
The adrenal glands are found one above each kidney. Each gland has 
two portions, the cortex and the medulla. If the cortex fails to secrete, 
the internal secretion, t~e individual tends to develop a low blood pres-
sure, his skin becomes bronzed and he becomes tired very easily. Attempts 
have been made to link personality with these glands. It is claimed that 
they determine whether a person is energetic, aggressive, irritable, meek, 
lacking in energy, placid, etc. However these conclusions are not final 
and if accepted at all, they must be given more consideration. 
The pituitary gland is located in a bony cavity at the base of the 
brain. 1t is made up of the posterior and anterior lobe. The anterior 
lobe has a secretion which controls the skel~tal growth of the individual; 
if there is too much secretion, the individual is overdeveloped. The 
giants seen in circuses are results of oversecretion of this fluid. If, 
on the other hand, there is little secretion, the individual becomes a 
dwarf. Another secretion comes from the anterior lobe. An over-secretion 
producing a stimulation of the sex function and less secretion producing 
a decrease of sex fUnction, is this claim. The posterior lobe also has 
two secretions, one which has to do with the contraction and working of 
the involuntary muscles throughout the body, while the other influences 
the water metabolism. As far as we know, disease of these pituitary glands 
shows no marked changes in the personality of the individual. 
The thyroid is located in the neck just below the Adam's apple. This 
gland is important and probably more is known of it than of any other duc-t-
less gland. It secretes a fluid containing much iodine. lf the iodine 
is not present in young children a condition results known as Cretinism, 
in which the mentality is affected and the child remains a dwarf, with short 
arms and legs, and is an idiot. Lack of thyroid secretion in later life 
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causes a condition known as myxoedema, wherein the individual tends to 
become dull and stupid. lie -loses his hair and gains a thick, _dry skin. 
Feeding the individual thyroid extract taken from animals keeps the in-
dividual normal, but as soon as t he extract is taken away, he redevelops 
the symptoms. 
The pineal gland is found near the center of the brain and its 
function is not well understood. Much study has been made of this gland 
and the results have often been contradictory. Some state that over-
development of it causes retardation of growth; o_thers that it hastens 
growth. In children it has been discovered that if they have high intelli-
gence, it of ten happens that the pineal gland no longer functions. There 
is no definite proof of this. 
Extreme emotion affects some of these glands, especially the adrenal 
and thyroid, and disorders of these glands may result in subnormal or ab~ 
normal conditions. Vfuether the personality is· always definitely changed 
or not remains to be proved, but regardless of this we know the personality 
is not simply a question of ductless glands. They are among the factors 
influencing personality. 
One of the. most vivid phases of human behavior and one of the most 
impressive is presented in the emotions. The emotions have no objective 
end. They accomplish nothing in the outside world. They usually are not 
learned. The ancients believed that emotions were found in various parts 
of the body--courage in the heart, jealousy in the liver, etc. Emotion 
may be defined as a "moved" or "stirred-up" state of the organism. It is 
a disturbed muscular and glandular activity. We must realize that emotions 
have sensations in various parts of the body. The lump in .the thDoat, the 
pressure above the heart, etc. For this reason, the ancients believed the 
-107 
emotions should be ascribed to vaious organs. When a stimulus affects one, 
it calls out numerous responses because of the inherited paths. Professor 
James insists that ordinarily there is no awarenesss of the emotion until 
the action has been completed. For instance, a small boy was playing with 
a snake without realizing what it was. Suddenly he realized and fainted. The 
act is a part of the stimulus, no thought intervenes, but merely a quick 
response results. 'Ibis is known as the J amesJ.ange theory of emotions be-
cause the two men developed it independently. The glands, especially the 
thyroid, the pituitary and the adrenal are affected. Th~ are aroused by 
any emotion and their secretion has three important effects: it causes the 
liver to release its stored sugar which provides an easily assimilable food 
for the muscle and the tissue; it increases the tendency of the blood to 
1 
coagulate; it produces a constriction of the small blood vessels. · 
Attempts have been made to classify emotions, but this has been found 
very difficult because there is much overlapping and also lack of knowledge. 
However three general criteria may be suggested (1) The degree and quality of 
feeling prevalent in the emotion; (2) whether the event is past, present, 
or future; (5) whether referring to the self, another person or thing. Love, 
anger and fear are three distinct emotions. Love is pleasant, anger and fear 
are unpleasant. One may change to the other. It is sometimes diff icult to 
differentiate between them. 
Emotions can be controlled to a certain extent. We must be able to 
classify the stimulus before we can hope to control the emotion, however. The 
attitude with which a fist is given determines whether it is a fist or an 
insult. Expr ession is sometimes shown to relieve emotions. Often if one is 
angry, he is able to walk off the anger. Self-control is really control of 
1. Essentials Qf Psychology, W. B. Pillsbury, page 526 
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the emotions. ~ack of self-control arises from conflict of emotions. 
Often we are discontented because o ;· the failure to reach a desired end. 
The cure here is either to lessen one's ideals or increase one's accom-
plishments through better methods of vrork. Usua:Ly it is quite difficult 
to do either. Or ~may permit on~s self free expression at all time. 
Past memories often cause emotional conflicts and here we should find some 
other outlet. Readjustment must come and the sooner it does, the better. 
Perfect honesifwith one's self is always best. Closely r elated to emotion 
are mood and t emperament, a mood being an affair of hour s, or days, while 
an emotion l asts but a few minutes. More permanent tendencies to emotional 
responses are called temperament. These temperaments usually last through-
out an individual's life, coloring it and affecting it. There are t wo 
types of temperament which stand out above all the rest. These are the 
cyclothyme type and the schizothyme type, the former being lively, good-
natured, sociaie and unrestrained; the latter, exhibiting little emotion , 
being the shut-in type. Sometimes these types can be traced through families 
for generations and of course, they mark the t wo extremes wi th a great many 
coming between. 
- -
Observation may be defined as the coming to known objects by use of 
the senses. 0bservation usually consists of two steps--attention and per-
ception. Attention is necessary before perception. Attention is the ex-
ploring and perception includes the discovery and grasping of the subject. 
Before we can hope to have attention, we must have a special adjustment of 
the sense organs and the proper attentive attitude. Attention may be shifted 
from one point to another~ The movement of the eye may be all that is ne-
cessary for the shifting of the attention, while another form is known as 
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the fluctuation of attention. Often looking at an object for a long 
time causes our minds to wander, which really means that our attention is 
fluctuating. This probably is caused by the fatigue of the mind or the 
change in the brain activity. All things do not cause or create the same 
amount of attention. The stimulus is determined by certain factors of 
1 
advantage as they are called. 
1. Change is the greatest factor of advantage: a steady disturbance 
such as a noise ceases to be noticed after a certain length of· time, but 
let the noi~e be changed and our attention is again focused on it. 
2. Strength of the stimulus also makes a difference. ~et one noise 
be loud and it causes much more att ention than a weaker noise. 
5. Repetition is also an important factor. Repeat a call for a num-
ber of times and eventually the noise will be heard, while at first it 
passed unnoticed. 
4. Striking quality is an advantage. ~gh notes are more noticeable 
than low, etc. 
5. Definite form makes a vast difference. Anything thatis vague does 
not stand out as distinctly as something with definite lines and contour. 
There are other factors which depend on previous learning and ex-
perience. The student learns to pass on the hour bell, the engineer learns 
to notice the signals on the railroad track, etc., because they have learned 
the use and importance of passed experiences. On the other hand, a person 
learns to ignore atimuli which have no signif icance or importance to him. 
A child who has to be spoken to twice usually :ignores the first command in 
the same manner as a person who moves to a main road after living in a wilder-
ness notices every car that passes along the highway. Often one's attention 
1. Psychology, Robert S. Woodruff, pp 569, 370 
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may be directed by other people. Riding along the roadway with a geolo-
gist, one may take special notice of the rocks along the way because 
the rocks are being pointed out to him. Attention is often developed 
1 
and during its development the attention passes through three stages: 
1. the random sort of attention, excited because the material 
is unfamiliar; 
2. stage of forced attention, driven by fear or desire to learn, etc. 
5. the stage of objective interest. 
Often our attention is distracted, due to some external or internal stimuli. 
Anything that works against sustained attention is known as distraction. 
Thus far we have merely considered the first stage in observation, 
or the getting reaqy to see what is there. Perception is next necessary. 
The literal meaning of perception is to grasp. To perceive is to know 
facts presented to the senses. Perception is due to the interpretation 
of present sensations by organized earlier experiences. Perception is se-
lective. As you hold your attention upon the object, you keep seeing 
more and more of the object, at the same time, you see something different 
about the object. Often the question arises as to how many subjects we 
can perceive at once. The material makes a difference. A group of dmts 
on a paper may be few in number to be perceived but if they make up letters 
we can perceive a number of letters. lf the letters make up words, we 
can perceive a number of words and if words make up familiar phrases~ we 
can perceive a number of phrases. The limited span of perception is an 
indication of selectivity. The eye sees more than the brain can see. The 
eye sends more to the brain than the brain can use. Th:ere are various 
types of perception. (1) The perception of distance--several illusions may 
1. Pgychology, R. S. Woodruff, page 574 
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result from this. Horizontal distances are overestimated as compared with 
vertical distances because the adjustment of the eye muscles make vertical 
distances more difficult than horizontal ones. (2) Perception of the 
third dimension--the rays of light affect the retina of the eye alone, the 
source of the light seems to be some distance away from the eye. Therefore 
distance can not depend upon how the retina is stimulated because a point 
of light affects the retma in the same way whether it comes from a star 
or from a distsnce two feet away. The problem of the perception of distance 
is one of determining what characteristics of the stimulus call out the 
idea of distance, and what the nature of that idea might be. (3) PerceP-
tion of motion--we may distinguish two ways of recognizing motion. In one 
we actually see the object move, while in the other we merely infer that 
the object has moved. The first is illustrated by the second hand, the 
second by the minute hand of the watch. Probably we see it move because 
there is an after image left on the retina. If this is true, it means that 
one adds the usual accompsniment, even when there is no after image possible. 
The perception of time may be made in three ways--time less than three 
fourths of a second, intervals from three-fourths of a second up to four 
seconds, and longer times. The most essential part of time is change. We 
measure time by the changes which have taken place over a period of time. 
The sense of sight is apparently the best space sense. Perception in all 
its phases is due to the interpretation of present sensation by organized 
earlier experiences. The character of the perception depends upon the 
sensory stimulus, the developed ideas the individual has at his command, 
and the connection between these ideas and the sensations received by the 
individual. 
Learning is the change or modification of behavior. Probably the 
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immediate results of learning is a change in brain structure. One modi-
fication of behavior is the strengthening of an activity, finally result-
ing in greater speed of the activity after learning and practice. Learn-
ing modifies and even changes activity to some extent by -building up an 
organized combination of simple acts. The reverse sometimes happens, that 
is, the isolation of a part of an original complex activity so that the 
isolated part can be executed separately. Naturally the fingers move to-
gether but when typewriting, they have been trained to move separately. 
Selection has occurred because the learned adivi~ has been selected 
from varied possible activity. Learning is directly proportional to the 
number of repetitions. We must have a stimulus which affects the neurones. 
The neurones connected vdth the sense organs are set in action whenever 
a stimulus is appled to the sense organ. This arouses an impulse which 
passes at once to the end brushes of the neurone. Another neurone is 
found at the end of each end brush with its dendrites almost in contact. 
Gradually a path is set up which offers little resistance to the impulse 
as it travels along the nerve fibers until it may become a habit. There-
fore the greater the number of repetitions, the more habitual the learned 
act becomes. Capacity for learning increases with age up to twenty to 
twenty-five and then gradually falls off, but this capacity is usually 
compensated Qy greater effort and interest. Learning is easier if the 
repetitions be distributed over several days, rather than accumulated on 
a single day. This is due in a large measure to a setting of association 
processes during the memory after image, the continuance of the sensory 
process for a period after the stimulus has ceased to act. In learning 
a selection, it is better to learn the whole from beginning to end, 
rather than bit by bit. The only objection to learning by wholes is that 
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one is likely to lose interest and read at a much slower rate than when 
he learns bit by bit. Learning is quickest if the rate of repetition 
is as fast as is convenient for the one who is learning. Slower repeti-
tions waste time and permit distraction; faster distract the attention 
from the learning to the articulation. Rhythm is a great aid to learning 
because strong connections are made between the rhythm and the units. 
Learning is much quicker if the material is learned with . the intention 
of recall. lf one will try to repeat from memory after a few readings, 
learning will be quicker than if continual passive reading is followed. 
It has been recently proved that an uncompleted task is more readily 
remembered than a completed one be.cause a finished task drops from mind, 
and the other continues in the perseveration phase ready to be completed 
at the first opportunity. The mechanism of learning and the explanation 
of the course of learning are fairly well agreed upon. The method by which 
improvement is made is seldom conscious. One falls into good habits and 
bad ones without realizing how and why. Sometimes we attempt to improve 
and can not; other times, we can. Why we failed in one case and not in 
the other, we do not know. fhe method is usually chance. The curve for 
learning rises with a fairly smooth sweep at first. Then we strike the 
plateau, a period of no improvement. At this time the habits are being 
stamped in. Here many learners become discouraged and drop out. Some-
times this plateau is due to inattention or a tiring condition of the body 
and mind. After the plateau has been reached and continued for a time, 
another rise in learning will result probably from improved methods of 
work. Often people forget much of the material learned and the question 
of how to retain material is asked. The answer is: review. Some-
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times we wish to use the material once learned at the present time. Re-
call is then necessary but certain factors may make it impossible for us 
to recall. One of these factors may be emotional. Fear will cause us 
to forget and paralyze recall. Another factor may be blocking. Here 
two acts are being aroused at the same time. The bes t solution to such 
a problem is drop the matter, to return t o it:later. Sometimes people 
can remember faces, but not names. This is known as partial recall. 
The same things that hold true with recall, also hold true with recogni-
tion. We have partial recognition as well as partial recall. Places 
where we have been seem familiar to us--a room, for instance, or a stretch 
of road. Many times we make errors in recognition. We · may meet a person 
on the street, think we recognize him, speak and discover later to our 
embarrassment that we did not know him at all. Again we may have non-
recognition or the knowing that the thing is new. One difference between 
recognition and recall can be easily seen. We recognize something that is 
there and we recall something that is not there. One is given while the 
other has to be found. Vfuen you recall anything, you have to recall one 
special thing-one part'-cular response has to be ar-:msed or you fail, but 
when you recognize a thing, a stimulus merely has to arouse one of many 
things and there is a much_ greater leeway. 
Forgetting goes on rapidly at first, then more slowly, until finally 
there is no appreciable change even over long periods of time. It has been 
discovered that with a series of nonsense syllables, half of the leaining 
was lose in the first hours; two-thirds in the first day, while at the 
end of a _month, less than four-fifths was forgotten. Conclusions indica-
te tha t there may be a tending to improvement in learning with lapse of 
time after repetitions. Although effects of repetition linger, associations 
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concerning the material learned increase in strength after a period of 
time. Individuals who learn easily, forget slowly, while those who 
learn slowly, forget rapidly. This law holds if one considers pure 
rote memory, but when one learns sense material, the one who learns 
slowly may have the advantage. The conditions and the results are some-
what in dispute at the present time. 
A much simpler case of learning than any thus far mentioned if 
offered by the study of the way one reflex may be transferred from its 
normal stimulus to some other. Pavlov, the Russian physiologist, became 
interested in this and spent many years in its study. He found that 
if he applied powdered meat to the tongue of a dog, he would at once start 
a flow of saliva. Then he discovered that if for a few times he sounded 
a bell just before giving the meat to the dog, after a few experiments, 
the sound of the bell would start the flow of saliva without the meat. The 
method of forming a connection between the sound of the bell and the re-
flex reaction is typical of all learning processes of man. The stimulus 
which excites the flow of saliva must come either shortly before or si-
multaneously with the saliva. No effect is produced otherwise. The reasons 
for the flow of saliva have been much discussed. Various hypotheses dif-
fer in particulars, but all agree on the general fact that in some way 
when two parts of the nervous system are active at the same time, they 
tend to become connected in such a way that forever after when one is ex-
cited directly, it tends to arouse the other to activity. Thus the taste 
of meat sti¢ulates the secretion of saliva. When the bell is heard at 
the same time or just before, a path tends to become established between 
the sound and motor path of discharge to the gland which was open just af-
ter it. Whether the connection goes to the neurones active during the 
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tasting and thence to the motor path is not clear. We have evidence in 
the ordinary formation of association that such connections are formed. 
Such a condition is known as conditioned reflex. 
The ability to think, plan and reason distinguish man from all other 
animals. Thinking before observation makes the observation pointed and 
worthwhile, and thinking after observation brl.ng the fa.cts into a systematic 
coherency. Thinking is really a combination of elementary forms of activity:1 
1. recall of previously observed facts; 
2. grouping and patterning of facts; 
5. trial and error in the handling of the facts; 
4. motivation, or control by the task or activity in progress. 
Thinking is a combination of these steps. Mental processes that make use 
of previously observed facts and depend upon the recall of these facts 
are often called "associative activities 11 since they make use of the associa-
tion or linkages formed in previous learning. · The factors of advantage 
of this association depend upon the frequency with which the linkage has 
occurred, the recency with which the linkage has occurred, and the intensi-
ty with which it has occurred. Besides these three, we must take into con-
sidera.ti.on the state of the individual; that is, whether he is unhappy, 
tired, pleasant, etc., which makes a great difference in the ability for 
association. 
Closely connected with thinking is reasoning which may be described as 
mental exploration. The situation that arouses reasoning differs from one 
case to another, the motive for engaging in this laborious mental process 
differs and the order of events differs. Types of reasonings are: 
1. Psychology, R. S. Woodruff, page 426 
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1. Rationalization--we must have a reason for solving the problem. 
2. Explanation 
5. Application 
4. Doubt 
5. Verification 
Perhaps it is our assignment or perhaps we 
-have a desire to know the answer. 
--this takes its start from something that raises 
the question "Why?" Only our interest in the 
problem is objective. 
--here we wish to know the motive for a certain 
thing. under this head falls prediction. One 
is able to predict the outcome of the situation. 
If one can predict it, he can control and there 
is plenty of motivation for this type of reason. 
--one may doubt a general proposition and wish to 
break it down. Sometimes a person makes a state-
ment one can not accept so he reasons it out 
to prove the maker of the statement is wrong. 
--often one wishes to prove certain propositions 
and in so doing must follow logical reasoning. 
Thus he is able to reach and formulate a definite 
conclusion. 
Reasoning comes when one has a purpose and is thwarted in that purpose. 
One has no incentive to accomplishment if one has no purpose and no new 
operations are demanded if the old habits are sufficient to effect the 
purpose. Reasoning presupposes a thwarted purpose ,, a.s its starting point 
and there are three ·main stages in the reasoning operation: the obstacle 
must be appreciated or understood, there must be some plan to remove the 
obstacle developed, and the plan that suggests itself must be proved and 
must be justified.1 The first step in reasoniJ?.g is to understand the na-
ture of the check and this is accomplished by referring the present diffi-
culty to some old difficulty. The second step is to obtain the solution. 
This is provided by the laws of association. The third step is a justifi-
cation of the solution. This is usually through reference of the suggested 
solution to the system of earlier knowledge to the system of concepts. 
1. Essentials of Psychology, W. B. Pillsbury, p. 295 
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Imagination is closely related to thinking. It may be and usually 
is used in t wo distinct meanings: it designates the idea of forming 
images, and . it covers all processes of construction ranging from day 
dreaming to scientific calculations. The ideas form and develop in 
imagination as in memory under the stimulation of the sensory process • . 
The products of imagina tion are new experience, although this does not 
necessarily imply that the material used in imagining is new. In imagi-
nation, the materials are combined in new ways and thereby new objects or 
events are the result. 
Imagination is importan t in human life. 'I'he artist, the poet, the 
novelist all make fruitful use of it. Also the scientist and the inventor 
have reached high peaks of attainment because of their imagina tion. When 
one asks how imagining is possible, the only answer is that we have a 
certain amount of knowledge and let the operations go on as they please. 
No specif ic rules can be given. Usually the poet ·arl t he artist gain their 
ideas spontaneously. Every new step in imaginati on is derived from the 
preceding one. Inspiration should develop from external stimuli. The 
t wo main j pes of imagination are productive and reproductive. In the 
former, the result is something new, while in the latter, the result is 
similar to other results already produced. The mathematician produces 
new constructions, the inventor produces new machines. On the other hand, 
the writer composes a new romance but following the plot of 6ther romances. 
This is reproductive imagination. 
· Play may be considered as free imagination. Sometimes the child 
makes up new games. Day dreaming i s a sort of play more distinctly imagi-
nation than most other play . This is .:>tivated from the absorption of 
· .the dreamer in his dream. Night dreams make. use of . the imagination. Tl}ey 
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are interesting while they last, sometimes angry, sometimes fearful, 
and often wish-fulfilling. The preliminary stage in all types of imagina-
tion consists in recall and bringsf ogether materials from varied past 
experiences. The t wo steps in invention are first, getting a combination 
of stimuli and second, responding to the combination. Imagination thus 
presents .a close parallel to reasoning. 
Intelligence can be defined only in terms of accomplishment. Men 
who succeed are usually considered as being intelligent. The recent ex-
tensive work on intelligence has been largely inspired by an interest in 
individual differences. We all realize that some people are much brighter 
than others and others more stupid than the average. In about 1800, care-
ful studies began with different types of individuals. It was soon found 
that not all mentally defec~ive children were equal in intelligence. The 
most defective were called idiots, the next in order, imbeciles, and the 
least defective, morons. Idiots do not learn to talk. They do not learn 
even the common dangers of life, but will put their hands in fire, walk 
in front of automobiles, etc. Imbeciles do learn to avoid some of the 
common dangers of life, but they can scarcely take care of themselves. 
The higher imbeciles learn to dress, wash, scrub floors with assistance, etc~ 
Morons can be trusted and can do certain routine tasks, but are easily 
s wayed. 
About 1900, Alfred Binet set to work to devise a scale for measur-
ing degrees of intelligence. Now tests of various sorts are in existence. 
After experimentation, he concluded that no single performance could be 
used as a fair measure of intelligence, but that it was necessary to give 
the individual several chances. Binet's test series therefore consisted 
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of a large number of little tests, each of which would be scored as passed, 
or failed, so that counting up the number of successes gave the subject's 
score. The tests needed to be graded in difficulty from very eas,y to 
very hard so as to measure all degree~ of intelligence, with each separate 
test scored as passed or failed. Older children, on the average, mruce 
higher scores than younger children. For each age there is a norm or 
average score, therefore, and any raw score is the norm for some age. 
A person making a certain score is said to have the equivalent mental age. 
A child's mental age does not tell _how bright he is. For example, a 
child who has a mental age of ten, but a chronological~e of twelve is 
dull, whereas a child who has a mental age of ten and a chronological age 
of eight is bright. A convenient way of putting them together is to di-
vide the chronological age by .the mental age and thus obtain what is 
called the Intelligence Qloo t ient. 
The Binet test has to be given oral ly to one person at a time, test-
ing the child on knowledge gained outside of school and not on school 
knowledge. 
We also have group tests which can be given to a number of individuals 
at the same time. These are usually written tests and include a page of 
arithmetic problems beginnig with simple ones and working up to the complex, 
a page calling for synonyms and opposites, a page calling for bits of 
information, a page of. disarranged sentences, etc. Results of these tests 
are _computated, recorded, and the norms found. The following conclusions 
have been · drawn: a person is an Idiot if his I. Q. is 25 or below; an 
Imbecile if it ranges from 25-50 J a Moro~ · 50-70, e. Borderline ease, 70-80, 
Dull, 80-90J Average, 90-llO; Superior, ll0-120; Very Superior, 120-140; 
Genius or Near Genius, above 140. 
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The disadvantages of such a classification are: 
1. It hides the fact that intelligence gradually gades off from 
one extreme to the other and does not change by great jumps; 
2. It sometimes brands an individual as hopeless; 
5. The term "moron" and "genius" can not be assigned to individuals 
by intelligence tests alone because of the many _other factors 
which must be taken into consideration. 
In general, the child's I. Q. remains about the same from year to year so 
that a fairly accurate prediction may be made. Of course there is always 
a slight variation depending upon the tester, the condition of the child, 
etc. Just how a person 1 s intelligence continues to develop is a difficult 
question to answer because at the present time we have net any tests that 
will measur e adequately adult intelligence and because it is diff icult to 
find an average cas-e of an adult. The result thus far is that we do not 
know whether or not intelligence increases beyond the age of fourteen. 
However, merely because learning power and intelligence do not continue 
to improve is no reason to conclude that the individual does not continue 
to learn and improve. It does mean that the individual has reached the 
stage where he can learn most rapidly and improve most rapidly in his 
chosen line of activity. 
The intelligence of various classes diffe~to a great extent; usaal-
ly the children of professional men lead with the highest I. Q's, while 
the children of common laborers are at the bottom. There are exceptions, 
of course. There is also a variation in the intelligence of races; the 
children of Jewish, English, German and Swedish parents leading, with 
the Negro, Indafi and Mexican at the bottom. 
Much has yet to be discovered about intelligence and herein lies a 
field for exploration. This task must be completed before we can hope to 
draw definite and final conclusions. 
Much discussion has been made recently as to which is the more 
important--a persons's heredity or his environment. Is an individual 
what his heredity makes him, or what his environment makes him? Does 
he make himself? No final conclusions have been made that will satis-
factorily stand the test. The relation beteen heredity and environment 
is not like addition but like multiplication, that is development does 
not = heredity + environment, but heredity x environment. 
The heredity of an i ndividual is made up of two phases, one being 
the influence of near ancestry or famiiy and the other the influence 
of remote ancestry or family. Individuals differ first of all as a 
result of the fact that th~ come from different races. However, there 
is one factor which tends to minimize the effect of heredity and increase 
correspondingly the effect of environment. That is, practically all 
the studies made thus far have been in response to purely American-made 
situations. Hence, it may be necessary to discount to a considerable 
extent the differences existing between races caused by heredity. In 
the second place, individuals differ as a result of the fact that they 
are the offspring of different families within the same race. A child 
of low ability may come from a good family, as well as one of high 
. ability (see Mendel'·s law) • 
If it were possible to select two individuals of the same sex 
and with identical heredity (so far as possible--this could never be 
entirely possible) and keep them in different environments for ten years, 
there would be the ~eatest difference in their respective abil ities 
to solve problems in every-day life. Environment might provide the 
opportunity for one to receive a good education, and the other might 
be so cramped and restricted that his behavior would approach that of 
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primitive man. Heredity provides the individual with the ability 
to respond but environment contributes most to the development of this 
ability. 
With the knowledge that we have of ourselves now, there is no 
reason why we can not improve ourselves and develop our personalities, 
providing this is feasible and it is with most of us. One of 
Boston Universit,y 1 s professors defines personality as a summation of 
habit patterns. To broaden one's own personality, he should associate 
with others whose habit patterns are unlike his. 
It is true that our personal traits of intelligence, physical 
qualities, and temperaments (emotional breadth, depth and stability) 
are subject to environmental influences, but the traits of self-ex-
pression: dominance versus submission, extroversionwrsus introversion, 
expansiveness versus reclusiveness, may be controlled, as well as 
the traits of self-estimation: insight and conceit. Social traits 
are very much at our command. 
We individuals find happiness in being liked by our fellows and 
providing we are fortunate enough to be born a "normal", with knowledge 
of the above we should be very much the captains of our own ;.course. 
-.li:::4 
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